
POL YCHLORIA TED DffENZO-para-DIOXINS

These substances were considered by previous working groups, in Februar 1977
(IARC, 1977a) and March 1987 (IARC, 1987a). Since that time, new data have become
available and these have been incorporated in the monograph and taken into consi-
deration in the evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomenclature and molecular formulae and weights

Chemical Abstracts Service (CAS) names and synonyms, CAS Registr numbers,
molecular formulae and molecular weights for dibenzo-para-dioxin and selected poly-
chlorinated dibenzo-para-dioxins (PCDDs) are presented in Table 1. The tetra-, penta,
hexa- and hepta-chlorinated compounds are referred to here as TCDDs, PeCDDs,
HxCDDs and HpCDDs or coHectively as, for example, C14-C17 CDDs or heptaJocta-
CDDs.

1.1.2 Structural formulae

The general structure of the PCDDs is shown in Table 2. Any or aH of the eight
hydrogen atoms of dibenzo-para-dioxin can be replaced with chlorine, giving rise to 75
possible chlorinated dibenzo-para-dioxin structures. AH of the 75 are referred to as

congeners (members of a like group) of one another and congeners having the same
number of chlorines are isomers. The term 'dioxins' has been widely used to refer to the
PCDDs and often the polychlorinated dibenzofurans (PCDFs) as weH (Liem & van
Zorge, 1995), although it is technically incorrect (Clement, 1991) and is not so used in
thIs monograph.

1.1.3 Chemical and physical properties

Knowledge of basic chemical and physical properties is essential to understanding
and modellng environmental transport and fate as weH as pharacokietic and toxico-

logical behaviour. The most important parameters for the PCDDs appear to be water
solubilty, vapour pressure, and octanol/water parition coefficient (Ko)' The ratio of
vapour pressure to water solubilIty yields the Henr' s Law constant for dilute solutions
of organIc compounds, an index of paritioning for a compound between the vapour and
aqueous solution phases (Mackay et aL., 1991). Chemical and physical properties of
selected PCDDs are presented in Table 3.
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Table 1. Nomenclature, molecular formulae, and molecular weights of dibenzo-
dioxin and chlorinated derivatives

CAS Reg. No. CAS name and synonymsa Molecular Molecular
(Deleted CAS formula weight
Nos)

262-23-4 Dibenzo(b,e J(1,4Jdioxin; Dibenzodioxin; dibenzo- C1iHgOi 184.2

(l,4)dioxin; dibenzo-para-dioxin; diphenylene dioxide;
oxanthrene; phenodioxin; DD

33857-26-0 2,7 -Dichlorodibenzo(b,e J(1,4)dioxin; 2,7 -dichloro- C12H6CliOi 253.0
dibenzo-para-dioxin; 2,7 -DCDD; 2,7 -dichlorodibenzo-
dioxins; 2,7-diCDD

1746-01-6 2,3,7,8- Tetrachlorodibenzo(b,e J(1,4Jdioxin; D48; CiiH4C140i 321.98
(56795-67-6) dioxin; TCDBD; TCDD; 2,3,7,8-TCDD; 2,3,7,8-tetra-

chlorodibenzo-1,4-dioxin; 2,3,7 ,8-tetrachlorodibenzo-
para-dioxin; 2,3,7,8-tetraCDD

40321-76-4 1,2,3,7,8-Pentachlorodibenzo(b,e J(1,4Jdioxin; D54; C12H3ClsOi 356.42
1,2,3,7,8-PeCDD; 1,2,3,7,8-PnCDD; 1,2,3,7,8-penta-
chlorodibenzo-para-dioxin; 1,2,3,7 ,8-pentachloro-
dibenzodioxin; 2,3,4,7 ,8-pentachlorodibenzo-para-
dioxin; 2,3,4,7,8-pentachlorodibenzodioxin; 1,2,3,7,8-
pentaCDD

39227-28-6 1,2,3,4,7,8- Hexachlorodibenzo(b,e J(1,4Jdioxin; D66; CiiHiC16üi 390.87
1,2,3,4,7,8-hexachlorodibenzodioxin; 1,2,3,4,7 ,8-hexa-
chlorodibenzo-para-dioxin; 1,2,3,4,7 ,8-hexachloro-
dibenzo(l,4)dioxin; 1,2,3,4,7,8-HxCDD; 1,2,3,4,7,8-
hexaCDD

57653-85-7 1,2,3,6,7 ,8-Hexachlorodibenzo(b,e J(1,4Jdioxin; D67; CiiHiC16üi 390.87
1,2,3,6,7,8-hexachlorodibenzodioxin; 1,2,3,6,7 ,8-hexa-
chlorodibenzo-para-dioxin; 1,2,3,6,7 ,8-hexachloro-
dibenzo(l,4)dioxin; 1,2,3,6,7,8-HxCDD; 1,2,3,6,7,8-
hexaCDD

19408-74-3 1,2,3,7,8,9- Hexachlorodibenzo(b,e J(1,4Jdioxin; D70; CiiHiC16Üi 390.87
1,2,3,7,8,9-hexachlorodibenzodioxin; 1,2,3,7 ,8,9-hexa-
chlorodibenzo-para-dioxin; 1,2,3,7 ,8,9-hexachloro-
dibenzo( 1,4 )dioxin; 1,2,3,7,8,9- HxCDD; 1,2,3,7,8,9-
hexaCDD

35822-46-9 1,2,3,4,6,7 ,8-Heptachlorodibenzo(b,e J(I,4Jdioxin; D73; C1iHCipi 425.31
1,2,3,4,6,7,8-heptachlorodibenzodioxin; heptachloro-
dibenzo-para-dioxin; 1,2,3,4,6,7 ,8-heptachlorodibenzo-
para-dioxin; 1,2,3,4,6,7 , 8-heptachlorodibenzo ( 1,4 )dioxin;
1,2,3,4,6,7,8-HpCDD; 1,2,3,4,6,7 ,8-heptaCDD

3268-87-9 Octachlorodibenzo(b,eJ(I,4Jdioxi; D75; OCDD; octa- Ci2Clg02 460.76
chlorodibenzo-para-dioxin; 1,2,3,4,6,7 ,8,9-octachloro-
dibenzo-para-dioxin; 1,2,3,4,6, 7,8,9-octachlorodibenzo-
(l,4)dioxin; octaCDD

aNames in bold letters are the Chemical Abstracts Service (CAS) names
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Table 2. Dibenzo-para-dioxin structural

formula and numbers of chlorinated
isomers

Formula

p:~cry Ctt
No. of chlorines

(x + y)
No. of isomers

1

2
3

4
5

6
7
8

2
10

14
22
14

10
2
1

Total 75

35

Table 3. Chemical and physical properties of dibenzo-para-dioxin and
selected chlorinated derivativesa

Cheiical log KowMelting
point
(0C)

Water solubilty
(mglL) at 25°C

Vapour
pressure (Pa)

at 25°C

Henry' s Law
constat
(Pa x m3/mol)

Dibenzo-para-dioxin
2,7-DCDD
2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-llCDD
1,2,3,7,8,9-llCDD
1,2,3,4,6,7,8-HpCDD
OCDD

122-123
209-210
305-306
240-241
273-275
285-286
243-244
264265
325-326

0.87

3.75 x 10-3

1.93 x 10-5

5.5 x 10-2

1.2 x 10-4

2.0 x 10-7

5.8 x 10-8

5.1 x 10-9

4.8 x 10-9

6.5 X 10-9

7.5 x 10-10

1.1 x 10-10

1 1. 70

8.10
3.34

1.08

1.27

0.68

4.30

5.75

6.80

6.64

7.80

8.00

8.20

4.42 x 10-6

2.40 X 10-6

0.74 x 10-7

aFrom Rordod (1987); Sijm et aL. (1989); Mackay et aL. (1991)
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Limited research has been cared out to determne physical and chemical properties
of PCDDs. The tetra- through octa-chloro congeners with 2,3,7,8-chlorination (some-
times referred to as laterally substituted PCDDs) have received the most attention, with
2,3,7,8-TCDD being the most intensively studied compound. Of the large number of
possible congeners, only the 2,3,7,8-chlorinated compounds and a few others are
available commercially, and synthesis and separation can be both time-consuming and
difficult. Sorne of the PCDD congeners have not yet been prepared in pure form. The
PCDDs are intentionally prepared only for research purposes.

The concept of toxic equivalency factors (TEFs) was developed by several agencies
and national and international organizations (Ahlborg et aL., 1988; Safe, 1990; Ahlborg
et aL., 1992a) to aid the interpretation of the complex database and in the evaluation of
the risk of exposure to mixtures of structurally related PCDDs and PCDFs. TEF values
are derived by evaluating the potency of each PCDD and PCDF isomer relative to that of
2,3,7,8-tetrachlorodibenzo-para-dioxin (2,3,7,8-TCDD). TEFs are order-of-magnitude
estimates that are based on the evaluation of all available information, including binding
to the Ah receptor (see Section 4.3.1) and other in-vitro responses as well as in-vivo
effects ranging from enzyme induction to tumour formation (Ahlborg et aL., 1992a).

The concentrations of all the individu al PCDDs and PCDFs in a mixture may be
converted into one value of toxic equivalents (TEQs), as follows:

TEQ = L (TEF x concentration)

Toxicologists have widely adopted the set of TEFs shown in Table 4 (1- TEFs, also
adopted by NATO (North Atlantic Treaty Organization)). Other sets of TEFs have been
used in the past (e.g., BGA (German), Nordic, Swiss, Eadon (American)), but TEQs
ca1culated with these TEFs normally do not differ from those based on 1- TEFs by more
than a factor of 2 (Ahlborg et al., 1988; Rappe et aL., 1993).

Table 4. I-TEFs for 2,3,7,8-
substituted PCDDsa

Congener 1- TEF
. 2,3,7,8-TCDD 1
1,2,3,7,8-PeCDD 0.5
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01OCDD 0.001
AlI other PCDDs 0
QFrom Ahlborg et aL. (1992a)

1- TEF, international toxic equiva-
lency factor
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1.1.4 Methodsofanalysis

The analysis of environmental and biological samples for PCDDs and PCDFs has
presented a major challenge for analytical chemists and has catalysed the development of
new and improved methods and equipment with applications to many other problems in
environmental chemistry. The challenge in PCDD/PCDF analysis arses from several
factors. First, these compounds are usually present at very low levels in environmental
samples, requiring methods with detection limits several orders of magnitude lower than
those for other environmental contaminants. ln addition, the toxicities of the varous
PCDD/PCDF congeners differ dramatically, so that for a proper risk assessment, indi-
vidual PCDD and PCDF isomers must be selectively determned, often in the presence of
other isomers and congeners. Interference between congeners and with other chlorinated
compounds in the matrix can cause serious analytical difficulties. The widespread
occurrence of these compounds in the environment has required the development of
methods for many different media and sample types.

Progress in the analytical chemistry of the PCDDs and PCDFs over the past 30 years
has been remarkable (Buser, 1991; Clement, 1991; de long & Liem, 1993). ln the 1960s
and early 1970s, the principal method of analysis was packed column gas chromato-
graphy (GC) with electron capture detection (ECD), and detection limits were in the
pars-per-millon (ppm; /lg/g or mg/kg) to pars-per-bilion (ppb; ng/g or /lg/kg) range.
Most work during ths period focused on the determnation of levels of 2,3,7,8-TCDD as
a contaminant in herbicides and other indus tral chemicals, and PCDDs and PCDFs were
frequently not detected in environmental samples due to the lack of sensitivity and speci-
ficity of the methods.

Beginning in the 1970s, mass spectrometr (MS) was used, first by direct injection of
samples and extracts, to reduce interferences and confirm the presence of 2,3,7,8-TCDD
(Baughman & Meselson, 1973a,b). Soon, the advantages of MS as a detection method
with GC were recognized, and GC-MS became the analytical method of choice for
PCDDs and PCDFs in environmental and biologie al samples (Hass & Friesen, 1979;
Rappe, 1984a; Crummett et aL., 1986). Advances in sample clean-up procedures, gas
chromatographie separations with fused silca capillar columns and GC-MS systems in
the 1970s and 1980s and the availability of appropriate calibration standards have made
it possible now to identify and quantify individually all of the 2,3,7,8-substituted PCDDs
and PCDFs at ng/kg concentrations or lower in most matrces (Clement & Tosine, 1988;
Buser, 1991; Clement, 1991). However, these methods for ultra-trace analysis remain
complex and difficult, and considerable varability stil exists among laboratories in their
capabilities and skill in performng these analyses (Stephens et aL., 1992).

Guidelines and methods of analysis have been proposed or established by a number of
international and national governental organzations and agencies. Examples include
IAC ScientIfc Publications No. 108 (Rappe et aL., 1991a), recommendations frOID a
workshop convened by the Community Bureau of Reference of the Commssion of the
European Union (Maier et aL., 1994) and United States Environmental Protection Agency
Methods (United States Environmental Protection Agency, 1986, 1995, 1996a).



38 lAC MONOGRAHS VOLUME 69

(a) General considerations

The recognition by toxicologists of the extreme toxicity and biological activity of
sorne PCDD/PCDF congeners has generated the requirement for highly sensitive and
specifie analytical methods. Method development has been directed primarly at the
quantitative determnation of the seven PCDDs and 10 PCDFs with chlorine at the 2, 3, 7
and 8 positions on the aromatic rings (see Table 2 in this monograph as well as Table 2
in PCDF monograph). The remaining 68 PCDDs and 125 PCDFs can seriously interfere
with the determnation of the 2,3,7,8-substituted congeners. ln addition, the pattern of
congeners in an environmental sample can pro vide clues as to the source of the PCDDs/-
PCDFs. The larger number of isomers with four or five chlorines (see Table 1) makes
isomer-specific analysis more difficult in the tetra- and penta-substituted series (Rappe,
1984a; Buser, 1991; Clement, 1991).

Ultra-trace PCDD/PCDF analyses can require sample enrichment by a few thousand-
fold to a millon-fold or more before GC-MS determnation. Co-extracted, interfering
compounds may be present in the sample at much higher levels than the PCDDs and
PCDFs, necessitating sophisticated matrix-specific clean-up techniques as well as higWy
selective separation and detection methods (Clement & Tosine, 1988; Buser, 1991; de
Jong & Liem, 1993).

Two different strategies have been applied in PCDD/PCDF analyses. ln the first
approach, the objective is to recover all PCDDs and PCDFs in a single fraction by a
containment-enrchment procedure, and then to analyse this fraction for all congeners by
high-resolution GC-MS. ln this approach, congener distribution patterns can be obtained
that may help to identify sources of the PCDDs/PCDFs. The second approach focuses on
separation of isomers during sample preparation and purification (e.g., by including
reversed-phase and normal-phase high-performance liquid chromatography (HPLC)
steps in the clean-up procedures) and results in multiple fractions that may be analysed
for one or more congeners. Ths approach has often been applied to the determnation of
a specifie congener, such as 2,3,7,8-TCDD (Rappe, 1984a; Buser, 1991).

Analyte standards for calibration are essential in ultra-trace analysis, and by the mid-
1980s an adequate set of labelled and unlabelled PCDDs and PCDFs had become
commercially available. Although not all of the 210 PCDD and PCDF congeners are
available, all of the 2,3,7 ,8-substituted congeners can be purchased in crystallne form or
in solution. These congeners are also available fully 13C-Iabelled, and sorne are available

fully labelled with 37Cl. Analysis of environmental and biological samples requires the
use of these standards for method development, to monitor recoveries and for isotope-
dilution or other GC-MS analyses. It would be desirable to have available natural-matrix
certified reference materials to verity spiked-sample recoveries based on calibration
stadards, but few are curently available (Rappe, 1984a; Clement & Tosine, 1988;

Alvarez, 1991; Clement, 1991; Schimmel et al., 1994; Maier et aL., 1995).

PCDD and PCDF determations are frequently required for incinerator emissions
(flue gases, fly ash, bottorn ash and aqueous effluents), soils, sediments and sludges, ai
(vapour and pariculates), water, biological samples of all types and chemical products.
At present, typical detection limits of methods used for biological samples are in the
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1 ng/kg range; lower detection limits are possible for sorne media, such as ambient air (in
the low femtogram (10-15 g)/m3 range) and drnkng-water (as low as 0.01 pgI), and

higher detection limits (llg/kg range) are often adequate for chemIcal products (Buser,
1991; de long & Liem, 1993).

The analysis of PCDDs and PCDFs in environmental and biological samples can be
considered to proceed in five stages, each of which must be carefully controlled and
optimized to ensure reliable data: (1) sampling, (2) extraction, (3) clean-up, (4)
separation and (5) quantification. Each of these stages is discussed briefly in the
following sections. Reviews and guidelines have been published for varous environ-
mental and biological matrices (Buser, 1991; Maier et aL., 1994). The following
comments are based on these reviews and the other references cited. ln the subsequent
text and tables, methods are indicated by the system presented in Table 5. ln the text, this
information is given as '(analytical method...)', using these abbreviations.

Table 5. Abbreviations for descriptions of analytical
methodsa

A HRGe (high-resolution gas chromatography)
a LRGC (low-resolution gas chromatography)
B HRMS (high-resolution mass spectrometr)
C LRMS (low-resolution mass spectrometr)
1 Isomer-specific polar column, e.g., SP 2330/31

o Other than isomer-specific nonpolar column, e.g., DB-5

N No information
S Sophisticated dean-up, e.g., multicolumn, use of all 13C_

labelled 2,3,7,8-substituted standårds
R Reduced dean-up

W WHO-accepted laboratory. The laboratory has fulfilled
the requirements for interlaboratory studies of determ-
nation of PCDDslPCDFs in biologie al material, orga-

nized by WHO (Stephens et aL., 1992; WHO, 1996).

°Descriptions usually have four elements: gas-chromatographie
resolution (A or a), mass-spectrometrc resolution (B or C),
isomer-specificity of Ge column (1 or 0) and dean-up (S or R).
Any one or more of these may have no information (N).

(b) Sampling

The sampling protocols for PCDD and PCDF analyses depend on, the type of sample,
the level of PCDDs/PCDFs and potential interferences in the sample, the detection limit
of the method, the requirements of the analysis, and the specifie situations encountered.
As with most ultra-trace analyses, sample size, homogeneity, storage and handling and
the avoidance of contaation are important considerations.

Samples should be protected from light and heat. Although PCDDs and PCDFs are
generally quite stable, they are prone to photolysis, especially in solution. The less cWo-
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rinated congeners tend to photolyse more rapidly than those with more chlorine substi-
tuents (ECETOC, 1992).

Contamination of samples is a serious problem. Potential sources of contamination
include sampling equipment and containers, sol vents and reagents, adsorbents, glass-
ware, other samples and ev en laboratory tissue wipes, floor-c1eaning solutions and

cigarette smoke (Albro, 1979; Patterson et al., 1990).
Samples to characterize incinerator emissions may include grab samples of fly ash

(from electrostatic precipitators) and bottom ash (or slag), aqueous effluents from gas-
scrubbing equipment and flue gases and pariculates. Stack sampling is cared out iso-

kineticalIy, collecting pariculates on filters (e.g., glass fibres) and volatiles by cooling
and trapping in impingers or on adsorbent resins. Collection efficiencies are checked by
introducing isotope-Iabelled PCDDs and PCDFs into the sampling train (Ozvacic, 1986;
ECETOC, 1992; United States Environmental Protection Agency, 1995). For measure-
ment of flue gases of municipal waste incinerators operating with emissions below 0.1 ng
1- TEQ/m3 (European Union Directive; see Section 1.5), certain modifications in the
sampling and analytical procedures are necessar, as described by BalI and Düwel (1996)
and Bröker (1996).

PCDD and PCDF levels in air (paricles and gases) are normally determned by
collecting high-volume samples (up to 1000 m30ver a 24-h period) on glass fibre/poly-
urethane foam filters (Tondeur et al., 1991). For samples of, say, 1500 m3 collected over
several days, the filters should be spiked before sampling with 13C-labelled standards to
demonstrate possible sampling losses (Tysklind et aL., 1993).

PCDDs and PCDFs have very low solubilties in water, with solubilty decreasing
with increasing number of chlorine substituents. However, they tend to adsorb strongly
onto fine paric1es suspended in water, so water samples must inc1ude suspended pari-
culates and cannot be subsampled after collection unless they are first micro-filtered and
the water and fine pariculates are analysed separately. Small to medium sample volumes
(1-5 L) can be extracted directly, but larger volumes needed for ultra-trace analysis are
preconcentrated on sorbent resins (e.g., XAD-2) or a polyurethane filter (Ryan, 1991;
Luksemburg, 1991).

Soils and sediments are sampled with core samplers at the surface (top 5-10 cm) and
sometImes at lower depths. Often, several core samples are pooled for composite

analysis (5001000 g), based on a sampling grd for investigation of soil contamination
in an area. Samples are air-dried, sieved (to remove debris), mixed and homogenized
before extraction (Kleopfer et aL., 1985; So1ch et aL., 1985; de long et aL., 1993; Fortunati
et aL., 1994).

Biological samples should be deep frozen (-20°C or lower) until analysed to prevent
enzymatic or microbiologie al alterations. Choice of sampling procedures depends on the
tissue and species; for example, usualy only small samples of human fat are available,
whereas larger samples of ecological species (e.g., fish) or foods normally can be
obtaied. Tissue samples may be ground with anydrous sodium sulfate or silca gel and
homogenized before extraction (Stanley et al., 1985; Norstrom & Simon, 1991; Patterson
et al., 1991; Olsson, 1994).



POL YCHLORIA TED DIBENZO-para-DIOXINS 41

ln discussing problems associated with the varation in biological samples, Bignert

et aL. (1994) noted that large numbers of samples are generally required to define spatial
or temporal trends or differences between varous ecological matrices with respect to the
concentrations of PCDDs and PCDFs.

(c) Extraction
13C-Labelled internaI standards are added before extraction and c1ean-up to determne

recoveries and to allow correction for los ses during work-up. Homogenized samples are
sometimes digested to destroy the sample matrix and free any trapped PCDDs/PCDFs
b~fore extraction (e.g., hydrochloric acid treatment of fly ash and sorne soil/sediment
samples). However, alkaline saponification at elevated temperatures (which has some-
times been used with fatty samples) is not recommended, as it can cause decomposition
of PCDDs and PCDFs (Albro, 1979; Ryan et al., 1989a). For chlorophenols and chloro-
phenoxyacetic acid herbicides, initial separation of the (neutral) PCDDs and PCDFs is
often accomplished by paritioning with alkali (B user, 1991; United States Environ-
mental Protection Agency, 1996a).

Extraction procedures and solvents var widely, depending on the type of sample and
method of c1ean-up and analysis. Extraction of PCDDs/PCDFs into solvent may be
accomplished by simple dissolution, shakng, blending, ultrasonic treatment or Soxhlet
extraction. For ex ample, fats and oils may be dissolved directly in dichloromethane, and
water samples may be extracted with dichloromethane, toluene or hexane. Pariculates
filtered from water or resin-sorbed water samples may require Soxhlet extraction with
toluene or benzene. Incinerator flue gases (adsorbed on polyurethane foam) and fly or
bottom ash are usually Soxhlet-extracted with toluene or benzene. For soils, sediments
and sludges, sequential Soxhlet extractions with different and/or mixed sol vents
(acetone/hexane, toluene, benzene, dichloromethane) are sometimes required.

Many different extraction procedures and solvents have been used with biological
samples, such as fish and animal tissues, human tissues and vegetation. Multi-laboratory
comparson studies with fish tissues and porcine fat, human blood and adipose tissue and
human and cow' s milk suggest that acceptable recoveries can be obtaned with a varety

of extraction methods (Clement & Tosine, 1988; Patterson et al., 1990; Stephens et al.,
1992; Schimmel et al., 1994).

Supercritical fluid extraction (SFE) using carbon dioxide is a new technique, which
has been used for extraction of PCDDs and PCDFs. Alexandrou et aL. (1992) have used it
for extraction of solid samples such as fly ash and paper pulp, and also for aqueous
matrces such as pulp mill effluents. More recently van Bavel et aL. (1996) have demons-
trated the use of SFE in the extraction of biological samples, including human adipose
tissue.

(d) Clean-up

The objective of the c1ean-up procedures is to purify and prepare the extract for final
separation and quantification. Such procedures remove co-extracted compounds that may
interfere in the GC-MS analysis. The extent of clean-up required is determned by the
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analytical objectives (number of congeners to be quantified), the matrix and the sophisti-
cation of the GC- MS system.

Clean-up is normally accomplished by column chromatography through a series of
columns, sometimes followed by HPLC. Pretreatment to remove large quantities of co-
extractives may be necessar for sorne samples. Pretreatment may include acid or base
washing; elution through multilayer columns containing silica gel impregnated with
sulfuric acid, sodium hydroxide and silver nitrate (de long et aL., 1993); or gel
permeation chromatography to remove lipids and other compounds of high molecular
weight (Norstrom & Simon, 1991).

Column chromatography of extracts on alumina removes chlorinated benzenes, poly-
chlorinated biphenyls (PCBs) and terphenyls, and higher chlorinated diphenyl ethers in a
first fraction (2% dichloromethane in n-hexane); PCDDs and PCDFs are then recovered
from the column with 50% dichloromethane in n-hexane. This treatment also removes
the polychlorinated 2-phenoxyphenols (predioxins) that can undergo thermal ring closure
in the gas chromatograph to form PCDDs (Buser, 1991).

Since the mid-1980s, a two-column procedure (Smith et aL., 1984a) has come into
extensive use. Extracts are first chromatographed on activated carbon with dichloro-
methane to separate planar compounds (inc1uding PCDDs and PCDFs, which are
retained) from non-planar compounds. The planar compounds are removed from the
carbon column by reverse elution with toluene and then chromatographed on alumina to
separate the PCDDs and PCDFs from other planar contaminants (e.g., non-ortho-substi-
tuted PCBs, polychloronaphthalenes). The method has been adapted and validated for
complex biological samples in a semi-automated format (with additional clean-up steps)
(Patterson et al., 1990; Turner et al., 1991).

HPLC also has found extensive application in PCDD/PCDF analysis in recent years
(Clement & Tosine, 1988). It has been used principally for isomer-specific quantification
of 2,3,7,8-TCDD and/or the other toxic PCDD/PCDF congeners. It is also used to
supplement other clean-up methods for difficult samples.

Bergqvist et aL. (1993) have described the use of a polyethylene semipermeable

membrane in a nondestructive method for the reduction of lipid in analyses of PCDDs
and PCDFs in environmental biologie al samples. Ths allows the analysis of samples
with total size of 500 g.

Many other clean-up methods have been reported for environmental and biological
matrices. The extent of clean-up required for a given sample depends on a number of
factors, as noted above. Even with elaborate clean-up procedures, the final fractions may
stil contain chlorinated contaminants that need to be considered in the separation and
quantification steps.

(e) Separation

The final separation of PCDDs and PCDFs frOID residual contaminants and into the
individual congeners is almost invarably performed by high-resolution GC (HRGC). ln
the 1960s and 1970s, Ge with packed columns (low-resolution GC (LRGe)) allowed
separation into groups of isomers (e.g., separation of the TCDDs as a group from the
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PeCDDs), but the resolution was inadequate for separation of the isomers within a group
(e.g., separation of the 22 isomeric TCDDs). ln the mid-1970s, glass capilar columns
were first used with PCDDs and PCDFs and were found to offer much better separation
of isomers and improved sensitivity. The special skills required to prepare the se columns,
however, initially restrcted their use to a limited number of laboratories. Thus, the
commercial development of prepared glass capilar columns, especiaHy the introduction
of flexible, stable, reproducible fused silica columns around 1980, was one of the most
important advances in environmenta PCDD/PCDF analysis (Clement & Tosine, 1988;
Clement, 1991).

The HRGC columns used for PCDD/PCDF analysis range from 15 to 60 min length
with inner diameters in the range of 0.22-0.35 mm. They are often referred to as walI-
coated open-tubular (WCOT) columns, as the inner wall of the column is uniformy

coated with a thin film (0.15-0.25 Jlm) of a silcone (stationar phase) that accomplishes
the separations. Many different stationar phases have been used in PCDD/PCDF
analyses. ln general, non-polar stationar phases (e.g., alyl/arl siloxanes) efficiently

separate PCDD/PCDF mixtures into groups with the same numbers of chlorines (all
TCDDs and TCDFs, aH PeCDDs and PeCDFs, etc.), while polar stationar phases (e.g.,
cyanosilcones) distinguish between the isomers within a group. Frequently, separate
analyses using more than one co1umn are required to ensure adequate separation of
congeners, for example, a short to medium-Iength, non-polar (SE-54 or DB-5) column
and a longer polar (Silar 10C or SP 2330) column (Clement & Tosine, 1988). A work-
shop convened by the Community Bureau of Reference of the Commssion of the Euro-
pean Union recently recommended the use of a single, nonpolar column (e.g., DB-5) for
samp1es containing only 2,3,7,8-substituted PCDDs and PCDFs, and both a non-polar
and a polar column (e.g., SP 2331, CPSIL 88) for samples which also contain PCDDs/-
PCDFs with chlorine at other positions (Maier et al., 1994). Since higher terrestrial
vertebrates tend to accumulate selectively the 2,3,7 ,8-substituted congeners, satisfactory
analyses of biological samples from fan animaIs and humans are often achieved on non-
polar columns alone (de long et al., 1993).

Gas chromatographic retention times are compared with those of authentic standards
of the varous PCDD and PCDF isomers (13C-labelled or unlabelIed) for tentative isomer
identification. Confiration of identity and quantification are accomplished by mass
spectrometr .

if Quantifcation

Although a few early studies used GC with ECD to quantify PCDDs and PCDFs,
modern practice depends almost exclusively on mass spectrometre detection with
selected ion monitorig (SIM) of two or more ions from the isotopic group of molecular
ions. This allows the use of stable-isotope-labeHed internaI standards, provides selec-

tivity against coextracted endogenous compounds andmany other contamnants and
alows congeners with different degrees of chlorination to be quantified separately
(Clement & Tosine, 1988). Monitorig of the exact masses of the ions at high mass
spectometer resolution provides additional selectivity (Lamparski et aL., 1991; Tondeur
& Beckert, 1991).
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The advantages and disadvantages of varous mass spectrometrie methods for PCDDs
and PCDFs have been extensively reviewed and discussed in recent years (Clement &
Tosine, 1988; Buser, 1991; de long & Liem, 1993) and are therefore not reviewed here.
Either low-resolution mass spectrometry (LRMS) or high-resolution mass spectrometry
(HRMS) can provide adequate data, if it has been demonstrated by the analyst that 'the
entIre analytical procedure exhibits a sufficient sensitivity and specificity with regard to
concentration levels of the PCDDIP and the matrix composition' (Maier et al., 1994).
Most analysts agree that HRMS, although not essential, is preferable. The monitoring of
additional fragment ions or use of collsion-induced dissociation and tandem MS can
pro vide additional selectivity for confiration or resolution of specifie analytical diffi-
culties but, in practice, are seldom used.

Electron impact ionization is most commonly used for PCDD/PCDF analyses.
Negative-ion chemical ionization is very sensitive for the highly chlorinated congeners
but is not suitable for lower congeners such as 2,3,7,8- TCDD and may be difficult to use
quantitatively because of its marked dependence on operating conditions (Buser, 1991;
Maier et al., 1994).

Sorne differences in the relative abundances of ion fragments from different isomers
have been observed (Buser & Rappe, 1978), but do not pro vide a means of unambi-
guously differentiating between isomers; this requires chromatographic separation by GC
and/or by prior fractionation (Hagenmaier et aL., 1986; Lamparski et aL., 1991).

Quantification of PCDDs and PCDFs is accomplished by SIM comparsons of the
responses for sample components with those of internal standards, usually 13C-labelled
2,3,7,8-substituted PCDDs. Calibration standards are used to determne detector response
for the varous congeners and to confirm its linearty in the concentration range of the
samples. Careful attention to quality control and quality assurance procedures is essential
for the successful analysis of PCDDs and PCDFs at ultra-trace levels (Mitchum &
Donnelly, 1991).

1.2 Formation and destruction

PCDDs can be formed by a number of different reactions including synthetic
chemical, thermal, photochemical and biochemical; analogous pathways can be used for
their destruction. PCDDs already present in reservoir sources such as sediments, soil and
sewage sludge are significant contrbutors to current environmenta levels.

1.2.1 Formation of PCDDs

(a) Chemical reactions

(i) Chlorophenoxyacetic aczd herbicides (referred to hereafter as phenoxy

herbicides)

The phenoxy herbicide 2,4,5-trchlorophenoxyacetic acid (2,4,5-T) (see IAC, 1977b,
1986a, 1987b) was introduced in the late 1940s, and its use was maximal in the 1960s
and 1970s. After that time, it was phased out in most European countres and the United
States of America. 2,4,5-Trichlorophenol (TCP) (see IARC, 1979a, 1986b, 1987c) is the
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key intermediate in the production of 2,4,5-T. PCDDs, primarly 2,3,7,8-TCDD, were
formed during the production of TCP from 1,2,4,5-tetrachlorobenzene.

Depending on the temperature control and purification efficiency, levels of 2,3,7,8-
TCDD in commercial products var greatly. For example, levels of 2,3,7,8-TCDD in
drms of the herbicide Agent Orange (a 1 : 1 mixture of the n-butyl esters of 2,4,5- T and
2,4-dichlorophenoxyacetic acid (2,4-D); see IARC, 1977c) stored in the United States
and in the Pacifie before 1970 were between 0.02 and 47 mglkg (analytical method N).
Nearly 500 samples were analysed and the mean value was 1.98 mg/kg (Young et aL.,
1978; Young, 1983). Since Agent Orange was formulated as al: 1 mixture of the but yI
esters of 2,4,5-T and 2,4-D, the levels of 2,3,7,8-TCDD in individual preparations of
2,4,5-T manufactured and used in the 1960s could have been as high as 100 mglkg
(Rappe & Buser, 1981).

Rappe et al. (1978a) reported that in other samples of Agent Orange (as weIl as in
2,4,5-T formulations produced in Europe and the United States in the 1950s and 1960s),
2,3,7,8-TCDD was the dominant PCDD/PCDF contaminant. Only minor amounts of
other PCDDs were found, primarly lower chlorinated PCDDs, in samples of Agent
Orange (analytical method AC). The concentrations of 2,3,7,8- TCDD have been reported
for 2,4,5- T formulations used in Scandinavia (Table 6) and New Zealand (Table 7).

Table 6. Concentrations of 2,3,7,8-TCDD
(mglg) in Scandinavian 2,4,5-trichloro-
phenoxyacetic acid and ester formula-

tions

Sample Source 2,3,7,8-
TCDD

2,4,5- T acid

2,4,5- Tester

2,4,5- Tester

2,4,5- Tester

2,4,5- Tester

2,4,5- Tester

2,4,5- Tester

2,4,5- Tester

2,4,5- Tester

2,4,5- T acid

2,4,5- T acid

1952, Sweden
Unkown, Sweden

Unkown, Sweden

1960, Sweden
1962, Finland
1966, Finland
1967, Finland
1967, Finland
1967, Finland
1964, USA
1969, USA

1.10

0.50
-c0.05
0.40
0.95

0.10
-c0.05
0.22
0.18
4.8

6.0

From Rappe et aL. (1978a); Norström et al. (1979);
Rappe & Buser (1981)
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Table 7. Average concentrations
of 2,3,7,8- TCD D (J.g!g) iD
2,4,5-T produced in New
Zealand

Year 2,3,7,8-TCDD

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

950
470

47
33
24
27
31

22
13

14
7.3
8.5
5.3
5.9
4.7

From Smith & Pearce (1986)

As a result of governmental regulations, efforts were made by pro duc ers during the
1970s to minimize the formation of 2,3,7,8-TCDD during the production of 2,4,5-T. ln
the 1980s, all producers claimed that their products contained less than 0.1 mg/kg
2,3,7,8-TCDD (Rappe & Buser, 1981). During production, TCP is separated from
2,3,7,8-TCDD by one or two distilations, which results in 2,3,7,8-TCDD being concen-
trated in the stil-bottom residues. Up to 1 g/kg 2,3,7,8-TCDD in such residues has been
reported (Kimbrough et aL., 1984; analytical method N).

Sixteen samples of 2,4-D esters and amine salts from Canada were analysed for the
presence of PCDDs. Eight of nine esters and four of seven amne salts were found to be
contanated, with esters showing significantly higher levels (210-1752 J.g/kg) than
salts (20-278 J.g/kg) (analytical method AC). The TCDD isomer observed was the
1,3,6,8-isomer, verified using a synthetically prepared standard (Cochrane et al., 1982).
On the other hand, Schecter et aL. (1993a) found no 2,3,7,8-TCDD at a detection limIt of
0.02 J.g/kg in one 2,4-D sample of Russian origin. Higher chlorinated PCDDs were
found in this sample at .. 1 J.g/kg (I-TEQ for PCDDs/PCDFs, 0.2 J.g/kg). Although
2,3,7,8-TCDD is not expected to be a contanant in 2,4-D, Hagenmaier (1986) reported
that one German 2,4-D formulation contained 6.8 J.g/kg 2,3,7,8-TCDD (analytical
method ACS).

No data were available to the W orking Group on the analysis of samples of the herbi-
cide 4-cWoro-2-methylphenoxyacetic acid (MCPA) for 2,3,7,8-TCDD or other PCDDs.
(However, it is not expected that PCDDs would be formed durlg the production of
MCPA, based on the stang materials and production route.)
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(ii) Hexachlorophene

The bactericide hexachlorophene (see IARC, 1979b) is prepared from TCP. Due to
additional purification, the level of 2,3,7,8- TCDD in this product is usually below
0.03 mg/kg (WHO, 1989) (analytical method AC). Ligon and May (1986) reported
4.7 J.g/kg 2,3,7,8-TCDD in one hexachlorophene sample; Baughman and Newton (1972)
found 3.8 and 0.5 J.g/kg in two samples. The use of hexachlorophene in cosmetics has
been banned in the European Union (Her Majesty's Stationery Office, 1989).

(iiI) Chlorophenols
Due to occupational and environmental risks, the use of chlorophenols has now been

phased out in most European countries and in a few countries outside Europe. Chloro-
phenols have been used extensively since the 1950s as insecticides, fungicides, mould
inhbitors, antiseptics and disinfectants. ln 1978, the annual world production was esti-
mated to be approximately 150000 tonnes (Rappe et aL., 1979a). The most importnt use
of 2,4,6-tr-, 2,3,4,6-tetra- and pentachlorophenol (PCP) and their salts is for wood
preservation. PCP is also used as a fungicide for slIme control and in the manufacture of
paper pulp, and for a varety of other purposes such as in cutting oils and fluids, for
tanning leather and in paint, glues and outdoor textiles (Rappe et aL., 1978b). Table 8
summarzes a number of analyses of the levels of PCDDs in commercial chlorophenol
formulations.

Table 8. Levels of PCDDs in commercial chlorophenols
(mg!g)

2,4,6- Tri- 2,3,4,6- Tetra- PentacWorophenol
chlorophenol chlorophenol

Sample A Sample B

TCDDs 0.7 .:0.02 .:0.1
PeCDDs .:0.3 5.2 .:0.03 .: 0.1
HxCDDs .:0.5 9.6 10 8
HpCDDs .:0.2 5.6 130 520
OCDD 0.7 210 1380

From Rappe (1979a)

Buser and Bosshardt (1976) reported the results of a survey of the PCDD and PCDF
content of PCP and its sodium salt from commercial sources in Switzerland (analytical
method AC). On the basis of the results, the samples cou Id be divided into two groups: a
first series with generally low levels (HxCDD, -c 1 mg/kg) and a second series with much
higher levels (HxCDD, ;: 1 mg/kg) of PCDDs. Samples with high PCDD levels also had
high levels of PCDFs. The ranges of the combined levels of PCDDs and PCDFs were
2-16 and 1-26 mglg, respectively, for the first series of samples and 120-500 and 85-
570 mglg, respectively, for the second series of samples. The levels of OCDD were as
high as 370 mglg; ths congener dominated the PCDD content of the samples.

Miles et al. (1985) analysed HxCDDs in PCP samples from five different manufac-
turers in Canada using an isomer-specific analytical method (analytical method ACI).
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The study included both free PCP and sodium salts. Total HxCDDs in PCP samples
ranged from 0.66 to 38.5 mg/kg while, in the sodium saIts, levels between 1.55 and 16.3
mg/kg were found. The most abundant HxCDD isomer in free PCP was the 1,2,3,6,7,8-
isomer; however, in the sodium salts, the 1,2,3,6,7,9- and 1,2,3,6,8,9-HxCDD pair was
the most abundant, probably due to different routes of synthesis.

Hagenmaier (1986) reported that 2,3,7,8-TCDD could be detected in PCP formu-
lations from Germany and the United States at concentrations of 0.21-0.56 ~g/kg (analy-
tical method ABS). 1,2,3,7-,8-PeCDD was found in these formulations at higher concen-
trations (0.9-18 ~g/kg; analytical method ABS) (Hagenmaier & Brunner, 1987).

(iv) Chlorodiphenyl ether herbicides

Yamagishi et al. (1981) reported on the occurrence of PCDDs and PCDFs in the
Japanese commercial diphenyl ether herbicides primarly used in rice fields: 1,3,4-
trichloro- 2-( 4-nitrophenoxy )benzene (CNP), 2,4-dichloro-1-( 4-nitrophenoxy) benzene
(Nitrofen; NI; see IARC, 1983) and 2,4-dichloro-l-(3-methoxy-4-nitrophenoxy)-
benzene (chlomethoxynil; X-52). The total TCDD content was 140-170 mg/kg in CNP,
0.38 mg/kg in NIP and 0.03 mg/kg in X-52. Very few synthetic standards were used, but
the major TCDDs identified were the 1,3,6,8- and 1,3,7,9- isomers, the expected
impurities in the staring material 2,4,6-trchlorophenol (2,4,6- TCP). No 2,3,7,8- TCDD
was detected in these samples.

(v) llexachlorobenzene

Hexachlorobenzene (see IARC, 1979c) used to be applied for the control of wheat
bunt and fungi. Vilanueva et al. (1974) analysed three commercial hexachlorobenzene
preparations and identified OCDD in the range of 0.05-211.9 mg/kg (analytical
method C).

(vi) Pulp bleaching

During the 1950s, free chlorine gas was introduced for the bleaching of pulp in pulp
and paper mills. ln 1986-87, it was first reported that bleaching pulp using free chlorine
gas produced 2,3,7,8-TCDD (Rappe et aL., 1987a). A survey performed in 1987 in the
United States showed that the concentrations of 2,3,7,8- TCDD in bleached pulp ranged
from undetectable (at a detection limit of 1 ng/kg) up to 51 ng/kg, with a median concen-
tration of 4.9 ng/kg and a mean of 13 ng/g (Gilespie & Gellman, 1989).

New technology has been developed for pulp bleaching using chlorine dioxide
(elemental chlorine-free, ECF) or non-chlorinated reagents (total chlorine-free, TCF). No
2,3,7,8- TCDD was found in ECF- or TCF-bleached pulp (detection limit, 0.03 ng/kg)
(analytical method ABS) (Rappe & Wågman, 1995).

(vii) Dyes and pigments
Willams et aL. (1992) analysed a series of dioxazine dyes and pigments (Blue 106,

Blue 108 and Violet 23) from Canada. OCDD was detected in aIl samples (analyticaI
method ACS) in the range of 23 ~g/kg-42 mg/kg, with the highest concentrations in
thee samples of Blue 106.
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(b) Thermal reactions

(i) Incineration of municipal waste

Olie et aL. (1977) reported the occurrence of PCDDs and PCDFs in fly ash from three
municipal incinerators in the Netherlands. Their results indicated the presence of up to 17
PCDD peaks, but isomer identification and quantification were not possible due to the
lack of synthetic standards. Buser et aL. (1978a) studied fly ash from a municipal inci-
nerator and an industrial heating facilty in Switzerland. ln the former, the total level of
PCDDs was 0.2 mg/kg. ln the industral incinerator fly ash, the level was 0.6 mg/kg.

ln 1986, a working group of experts convened by the W orld Health Organization

Regional Office for Europe (WHOÆURO, 1987) reviewed the available data on
emissions of PCDDs from municipal solid-waste incinerators. They concluded that,
because of their high thermal stability, PCDDs were destroyed only after adequate
residence times (~ 2 s) at temperatures above 800°C. Total emissions of PCDDs from
tests on municipal solid-waste incinerators were reported to range between a few and
several thousand ng/m3 dry gas at 10% carbon dioxide. The WHO working group
prepared a table giving a range of estimated isomer-specific emissions for those isomers
of major concem with respect to municipal solid-waste incinerators operating under
various conditions (Table 9).

The emissions tabulated in column 1 are those which the working group considered to
be achievable in modem, highly controlled and carefully operated plants in use in 1986.
The results given in column 1 are notrepresentative of emissions that might be expected
from such plants during star-up or during occasional abnormal conditions. Emission

levels listed in column 2 were considered by the working group to be indicative of the
upper limit of emissions from modem municipal solid-waste incinerators. These plants
might experience such emissions during star-up or during occasional abnormal

conditions, although sorne of the data reviewed have shown that the figures in column 2
should not be considered to be an absolute maximum. However, most plants existing in
1986, if carefully operated, will have had PCDD emissions in the range between columns
1 and 2. The highest values for municipal solid-waste incinerators (column 3) were
obtained by multiplying the values in column 2 by a factor of 5. Emission levels that
were reported to the working group from all tests and under all circumstances were no
greater than these values. Generally, these emission levels are associated with iregular
or unstable operating conditions, high moisture content of the municipal solid waste, or
low combustion or afterburner temperatures. Of special importance is the observation
that the emission of 1,2,3,7,8-PeCDD normally exceeds the emIssion of 2,3,7,8-TCDD
by a factor of 3-10.

Durng the second half of the 1980s and 1990, regulatory agencies in several
countries, such as Sweden, Germany and the Netherlands, anounced strct regulations
for municipal solid-waste incinerators. The European Union value is 0.1 ng I-TEQ per m3
(European Union, 1994) (see column 4, Table 9). Ths directive has resulted in the intro-
duction of modem ai pollution control devices and, together with improved burnng
conditions, has led to a decrease in PCDD emissions from municipal solid-waste inci-
nerators, which had been considered to be major sources.



VIo

Table 9. Estimated range of emissions of PCDDs from municipal solid-waste (MSW) and muni-
cipal sewage sludge (MSS) incInerators

Emissions from MSW combustion (ng/m3) Emissions from MSS
combustion (ng/m3)

-
~:;
("
a:ozoo
~
"'
:i
CI

~o
t'

~
tr
0\
\0

Achievable with

modern plants
with no gas
c1eanng (1)

Maximum
from average

operation (2)

High

(3)

Achievable with

modern plants with
gas c1eaningb (4)

Most probably highest
emissions
(5)

.. aemisslOns

2,3,7,8-1lt:DD
1,2,3,7,8-PeCDD
1,2,3,4,7,8- lIxCDD
1,2,3,6,7,8-lIxCDD
1,2,3,7,8,9-lIxt:DD

0.1
0.3
0.2
0.6
004

1.5 7.5 0.01 0.1
14 70 0.03 0.3
31 155 0.02 0.2
56 280 0.05 0.6
20 100 0.04 004

From WlOÆURO (1987) excepted when noted
aValues obtained by multiplying values in column 2 by a factor of 5
b Adapted from ECETOC (1992)
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(ii) Incineration of sewage sludge

Sludge from municipal waste-water treatment plants may be incinerated after being
dehydrated. The WHO working group in 1986 reviewed the available data from muni-
cipal sewage sludge incinerators and found that PCDD and PCDF emissions from thIs
type of plant were generally lower than emissions from municipal solid-waste inci-
nerators (see Table 9,column 5) (WHOÆURO, 1987).

(iii) Incineration of hospital waste

Doyle et al. (1985) c1aimed that the incomplete combustion of certain hospital wastes
containing halogenated compounds could produce high emission of PCDDs. They found
the mean levels of total PCDDs to be 69 ng/m3, but no isomer-specific data were given.
Data cited by the United States Environmental Protection Agency indicate that flue gas
emissions from hospital waste incinerators are in the range 10-100 ng I-TEQ/m3, higher
than the levels achievable with modem municipal solid-waste incinerators (United States
Environmental Protection Agency, 1994; Thomas & Spiro, 1995). (The Working Group
noted that, due to smaller emission volumes, the overall emissions from hospital waste
incinerators are generally lower than those from municipal solid-waste incinerators.)

(iv) Incineration of polyvinyl chloride (PVC)
The formation of PCDDs during the combustion of PVC (see IARC, 1979d) is a

controversial issue. However, the incineration conditions appear to be quite important.
On the basis of laboratory experiments, Chrstmann et al. (1989a) considered PVC to be
an important source of PCDDs/PCDFs. However, experiments performed in incinerators
showed the effect of PVC on the formation of PCDDs/PCDFs to be minimal (Franen-
haeuser et al., 1993; Wikström et aL., 1996).

(v) Combustion ofwood

Schatowitz et al. (1994) measured PCDD/PCDF emissions from small-scale labora-
tory studies of combustion of wood and household waste (analytical method ABS). The
results (in ng 1- TEQ/m3) are summarzed in Table 10. Data on PCDDs and PCDFs are
not separated.

Table 10. PCDD/PCDF emissions from wood and
household waste combustion

Fuel Furace (ng I-TEQ/m3)

Beech wood sticks
Beech wood sticks
Wood chips
Uncoated chipboard
Waste wood chips
Househo1d waste

Firep1ace
Stick wood boi1er
Automatic chip fuace
Automatic chip fuace
Automatic chip fuace
Househo1d stove, c10sed

0.064
0.019-0.034
0.066-.214
0.024-.076
2.70-14.42
114.4

From Schatowitz et al. (1994)
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(vi) Automobile emissions

Hagenmaier et al. (1990a) reported on the automobile exhaust emissions of PCDDs/-
PCDFs and the lower chlorinated congeners and brominated analogues. The results of
four representative experiments using leaded gasoline, unleaded gasoline with or without
catalytic converters, and diesel fuel (analytical method ABS) are summarzed in
Table 11.

Table 11. PCDDs from automobile emissions (pglm3)

Leaded
gasoline

Unleaded
gasoline

Unleaded
gasoline with
catalytic
converter

Diesel
engine

TCDDs
2,3,7,8-TCDD
PeCDDs
1,2,3,7,8-PeCDD
HxCDDs
1,2,3,4,7,8-lIxCDD
1,2,3,6,7,8-lIxCDD
1,2,3,7,8,9-lIxCDD
IIpCDDs
1,2,3,4,6,7,8-lIpCDD
OCDDs
1- TEQ pg/m3
1- TEQ pg/L fuel

595
16.7

436
55.5

244
24.5
27.1
24.1

152
65.7
65

141.5
1 083.3

84
0.5

93
3.7

59
3.2
3.3
3.4

18

7.8
34
9.8

50.7

3.7
0.21
3.3
0.21
3.4
0.31
0.45
0.40
5.0
1.97

21.9
0.93
7.20

1.9
0.40
1.0
0.46
1.2

..0.26

..0.26

..0.26
4.5
2.24

22.4
1.20

23.60

From Hagenmaier et al. (1990a)

(c) Photochemical reactions

It was reported by Nilsson et aL. (1974) that chlorinated 2-phenoxyphenols (pre-

dioxins) could be converted to PCDDs by a photochemical cyc1ization reaction. More
recently, Vollmuth et al. (1994) reported on the photochemical dimerization of chloro-
phenols yielding OCDD. The most importt photochemicalreaction, however, is photo-
chemical dechlorination resulting in transformation of PCDDs to lower chlorinated
compounds. Kieaitwong et aL. (1990) reported that 2,3,7,8-TCDD could be identified
among the products of photochemical dechlorination of OCDD.

(d) Biochemical reactions

Öberg et aL. (1990) showed that chlorinated phenols could be transformed in vitro to
PCDDs by peroxidase-catalysed oxidation. It was also demonstrated, using 13C-Iabelled
PCP, that HpCDDs and OCDDs could be formed in sewage sludge (Öberg et al., 1993).

1.2.2 Destruction of PCDDs

Although PCDDs generally are considered to be very stable, they can undergo a series
of chemical degradation reactions. Peterson and Milcic (1992) reported the degradation
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of a series of PCDDs using a mixture of potassium hydroxide in polyethylene glycoL.
Oku et al. (1995) also reported the successful destruction of PCDDs using sodium or
potassium hydroxide in the new solvent 1,3-dimethyl-2-imidazolidinone.

Thermal degradation of PCDDs occurs at temperatures above 800°C and at residence
times of longer than 2 s (WHOÆURO, 1987), but the conditions required for thermal
degradation are matrix-dependent.

Hosoya et al. (1995) showed that 2,3,7,8-TCDD can be decomposed successfully by
photochemical reactions with a hydrophobic octadecylsilylated-silica gel used as the
solid support. Conversely, VoUmuth and Niessner (1995) reported no significant degra-
dation of PCDDs by ultraviolet radiation, ozone or a combination of the two.

Adriaens et al. (1995) reported on the biologically mediated reductive dechlorination
of HxCDDs in sediments using inocula derived from contamnated environments.

1.3 Occurrence

AU tissue concentrations reported in thIs section are lipid-based (as ng/kg fat), unless
otherwise stated.

1.3.1 Occupational and accidental exposures to PCDDs

(a) Occupational exposures

(i) Exposure du ring production of TCP, 2,4,5-T and PCP

Germany: ln November 1953, an uncontrolled decomposition reaction occurred in an
enclosed TCP production facilty of BASF at Ludwigshafen, Germany. 2,3,7,8-TCDD
was formed during the reaction and contaminated the autoclave section of the building.
Employees were exposed to 2,3,7,8- TCDD contamnant during subsequent clean-up and
repair activities (Zober et aL., 1990; Zober & Päpke, 1993). Analysis of a sample of adi-
pose tissue collected in 1984 from one of the exposed workers showed a 2,3,7,8-TCDD
concentration of 100 nglg wet weight adipose tissue (Nygren et aL., 1986). Zober and
Päpke (1993) later analysed samples of autopsy tissues coUected from four cases 35-39
years after the same accident. ln all samples, the concentrations of most PCDDs were in
the normal range, with the exception of 2,3,7,8- TCDD, the concentrations of which were
much higher (see Table 12; analytical method ACS). Measurements of the blood
concentration of 2,3,7,8-TCDD were pedormed in 1988 in 138 men whose first contact
with PCDDs occurred withn one year of the accident (Zober et aL., 1994). Current values
were extrapolated back to the time of exposure. The geometric mean concentrations

ranged from 1118 ng/kg in group with severe chloracne to 148 ng/kg in group with no
chloracne. Background blood levels of 2,3,7,8- TCDD in the plant were ~ 5 nglkg. Ott
et aL. (1993) reported on the concentrations of 2,3,7,8-TCDD in blood lipids of these
workers sampled between 1988 and 1992, 35-39 years after the accident. The geometrc
mean value was 15.4 nglkg. (Back-calculation to the time of the accident, using a
2,3,7,8-TCDD half-life of seven years, gives an estImated blood lipid concentration of
480 ng/kg. If the normal German background concentration in 1990 is first subtracted,
the estimate is approximately 400 nglkg.J
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Table 12. Post-mortem concentrations of 2,3,7,8-TCDD
(nglg fat) in autopsy samples from four individuals
involved in the 1953 BASF accident

Blood AdiposeQ Uver Kidney Brain

Case 1 255 171 178 198 36
Case 2 32 34 28 7
Case 3 7482b 13 563 13 563 11 195 2457
Case 4 448 648 550

From Zober & Päpke (1993)
Q German background concentration, 5 nglg

b Significant weight 10ss before death may have resulted in increased

1eve1s of 2,3,7,8-TCDD in b100d and other tissues, especial1y in
Case 3. Eight months before death, b100d concentration for Case 3
was 518 ng/kg (compared with 7482 nglg at autopsy); Case 3 10st
20-25 kg in body weight in the eight months before death. Case 2
showed a smal1er effect but in the same direction (b1ood concen-

tration, 17 ng/kg at 5 months before death; 7-10 kg weight 10ss).
Case 4 had a blood 1eve1 of 590 ng/kg 10 months before death, and
no subsequent weight 10ss was reported. No data were avai1ab1e for
Case 1.

Päpke et aL. (1992) analysed in 1988-91 the blood of 12 workers exposed durng
production of TCP. Concentrations of 2,3,7,8-TCDD were approximately 100 times
higher than those in a group of background controls, while the concentrations of the
higher chlorinated PCDDs were lower in exposed workers than in controls, but not
significantly. ln blood from 20 workers exposed to PCDDs during production of PCP,
the concentrations of OCDD, 1,2,3,4,6,7,8-HpCDD and 2,3,7,8-derived HxCDDs were
much higher in the exposed workers than in controls (see Table 13).

Table 13. Concentrations of PCDDs in human blood
(nglg fat) during production of chlorophenols in
Gennany

TCP
(n = 12)

PCP
(n = 20)

Control
(n = 102)

2,3,7,8-TCDD
1,2,3,7,8-PeCDD
Al12,3,7,8-substituted HxCDDs
1,2,3,4,6,7,8-HpCDD
OCDD

331.8
10.7
34.5
44.3

428.9

4.5
28.3

398.8
2514.1

33 191.5

3.6
13.8

78.9
92.4

610.3

From Päpke et al. (1992)

TCP, 2,4,5-trchlorophenol; PCP, pentacWorophenol
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Flesch-Janys et al. (1996a) studied 48 workers (45 men and 3 women) from a
Boehrnger-Ingelheim plant in Hamburg manufacturing a range of herbicides. The blood
of these workers was sampled twice (for 43 workers) or three times (for 5 workers). The
mean time between the end of employment and the first blood sampling was 5.4 years
(median, 2.0 years), and the mean time between first and last blood sampling was 5.6
years (median, 6.3 years) (analytical method AB). The results are given in Table 14. ln
the first sampling, the median concentration of 2,3,7,8- TCDD was 84.1 ng/kg (range,
15.6-300.2 ng/kg). The corresponding values for the second sampling are: median,

48.9 ng/kg (range, 7.7-277.9 ng/kg). More measurements from the Boehrnger plant and
two other German plants (the BASF plant in Ludwigshafen (this cohort was different
from the accident-exposed group) and a Bayer plant in Ingelheim (Becher et aL., 1996))
were also performed (summarzed in Kogevinas et aL., 1997). The 190 subjects from the
Boehrnger plant showed mean estimated concentrations at the end of employment of
141 ng/kg 2,3,7,8- TCDD (range, 3-2252 ng/kg). ln the BASF plant, 20 subjects showed
mean 2,3,7,8-TCDD values of 401.7 ng/kg (range, 23-1935 ng/kg), while 19 workers at
the Bayer plant had a mean level of 3.2 ng/kg (range, 1.3-6.5 ng/kg).

Table 14. Concentrations of PCDDs (nglg fat) in blood of workers
at a German herbicide plant (Boehringer- Ingelheim plant)

First blood sampleb Last blood samplec

No: Median Range Median Range

2,3,7,8-11(:i)i) 48 84.1 15.6-300.2 48.9 7.7-277.9
1,2,3,7,8-Pe(:l)l) 40 51.1 27.2-251.2 35.9 13.2-190.3
1,2,3,4,7,8-IIx(:l)l) 41 83.2 25.6-746.9 51.3 18.7-559.7
1,2,3,6,7,8-IIx(:l)l) 40 354.7 127.7-2939 255.8 101.6-2493
1,2,3,7,8,9-IIx(:l)l) 39 88.2 29.3-680.8 39.5 17.6-288.3
1,2,3,4,6,7,8-IIp(:l)l) 26 641.2 310.5-5152 234.5 94.2-1526
O(:l)l) 32 2526 1356- 1 7 566 1 288.5 842- 10 395
1lQd 45 191.9 43.1-767.2 115.3 29.4-500.4

From Flesch-Janys et aL. (l996a)
a Number of persons whose 1evels exceeded upper background concentrations at all

points in time
b Mean, 5.4 years afer end of employment
c Mean, 5.6 years after the first blood sample
d German 1lQ (total P(:l)l)sIP(:i)Fs)

United States: The largest study in the United States of workers assigned to

production of substances contamated with 2,3,7,8-TCDD was conducted by the United
States Nationallnstitute for Occupational Safety and Health (Fingerhut et al., 1991a). A
more detaled techncal report of this study is also available (Fingerhut et aL., 1991b).
Ths 12-plant study included the Nitro, WV, plant of Monsanto and the Midland, MI,
plant of Dow. The cohort was constrcted afer a review of personnel records at plants
producing chemicals known to be contamnated with 2,3,7,8-TCDD (principally TCP
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and 2,4,5- T). The cohort included most workers in the United States likely to have been
exposed to 2,3,7,8- TCDD in chemical manufacturing; these were 5000 men with work
records showing assignment to a production or maintenance job in a process involving
2,3,7,8- TCDD contamnation, as well as an additional 172 men without work history
records but known to have been exposed based upon inclusion in a prior cross-sectional
medical study by Suskind and Hertzberg (1984) at the Nitro, WV, plant. These latter 172
men and an additional 30 men in the United States National Institute for Occupational
Safety and Health study lacked sufficient work history information to permt their
inclusion in more detailed analyses by duration of exposure. Follow-up was conducted
through 1987. Serum 2,3,7,8-TCDD levels, available for 253 cohort members at two
plants (different from the Nitro and Midland plants), measured in 1987 averaged a mean
of 233 ng/kg, compared with 7 ng/kg for a group of 79 unexposed workers. The mean
level was 418 ng/kg for 119 workers exposed for more than one year. All workers had
last been exposed 15-37 years earlier. Extrapolation to the date of last employment of
these workers, assuming a 7.1-year half-life for 2,3,7,8-TCDD elimination, indicated a
mean serum level at that time of 2000 ng/kg (highest level, 32000 ng/kg). The corre-
lation between extrapolated serum 2,3,7,8- TCDD levels and duration of exposure was
0.72 (Fingerhut et al., 1991b).

Sweden: Littorin et aL. (1994) analysed blood from five workers at a factory in

Sweden where 2,4-D, MCPA, 2-(4-chloro-2-methylphenoxy)propanoic acid (MCPP) and
2,4,6-trchlorophenol (Saracci et aL., 1991) had been formulated, but where production
had ceased in 1979, and that of five referents. (2,4,5-T was not produced at thIs site.) The
results are given in Table 15. The concentrations of all PCDDs were high, especially that
of 1,2,3,7,8-PeCDD, which was unexpectedly found to be higher than that of 2,3,7,8-
TCDD. However, a leachate sample from the factory also contained a higher level of
1,2,3,7,8-PeCDD.

Austria: Neuberger et aL. (1991) reported mean blood levels of 389 ng/kg 2,3,7,8-
TCDD (range, 98-659 ng/kg) in TCP and 2,4-D production workers with chloracne
exposed about 17 years earlier.

Netherlands: Hooiveld et al. (1996a) took blood samples in 1993 from 48 persons
occupationally exposed to phenoxy herbicides, chlorophenols (and the contaminant

2,3,7,8-TCDD) in 1955-85 in a chemical factory where an accident occurred in 1963.
The geometric mean levels of 2,3,7,8-TCDD were 22.9 ng/kg in men who worked in the
main production unit and 87.2 in subjects exposed as a result of the accident.

(ii) Exposure du ring handling and spraying of2,4,5-T

Nygren et aL. (1986) reported analyses of adipose tissue from 31 persons in Sweden,
13 of whom were exposed to phenoxy herbicides and 18 of whom were unexposed
controls. Of the exposed persons, Il had neoplastic diseases; in controls, six persons had
cancer, giving a total of 17 cancer patients and 14 pers ons without cancer. No difference
was found between exposed and unexposed or between cancer patients and persons
without cancer (see Table 16; analytical method ACS).
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Table 15. Blood plasma concentrations of PCDDs in five
phenoxy herbicide/chlorophenol production workers and five

referents in Sweden

Analyte Plasma concentration (nglkg fat)

W orkers

Meanb Range

Referents

Meanb Range

p valuea

PCDDs

2,3,7,8-1lCi)i)
1,2,3,7,8-PeCi)i)
1,2,3,4,7,8-HxCi)i)
1,2,3,6,7,8-HxCi)i)
1,2,3,7,8,9-HxCi)i)
1,2,3,4,6,7,8-HpCi)i)
OCl)l)

I-1lEQ

17

22
4.5

43
18

87
750

56

9.1-37
14-33

,
2.7-6.9
28-58
8.8-27
33-120
400-1300

30-94

2.0
6.9
2.4

28
7.5

43
280

21

0.7-3.3
4.0-10
0.8-4.4
10-39
2.0-13
7.9-78
110-0
8.2-34

0.008
0.008
0.2
0.2
0.1

0.06
0.02

0.02

From Littorin et al. (1994)
aWilcoxon's ran sum test for unpaired samples (two-tail)
b Values below the detection limit were set at half that concentration.

ln another study in Sweden including 20 non-Hodgkin lymphoma patients and 17
controls, Hardell et aL. (1996) reported no significant differences in the concentrations of
PCDDs and PCDFs in adipose tissue (see also Section 2.2.2(b)).

Professional pesticide applicators involved in ground-Ievel spraying of 2,4,5- T in
New Zealand are claimed to be the group most heavily exposed to agrcultural use of
2,4,5- T in the world (Smith et al., 1992a). Many of the applicators sprayed for more than
six months per year and sorne were spraying for more than 20 years. Measurements of
2,3,7,8- TCDD in blood serum of nine of these workers (Table 17) gave arthmetic means
of 53.3 nglkg for the exposed group and 5.6 nglkg for a group of matched controls (ratio,
9.5). For all other congeners, the ratio between the levels in the exposed group and the
controls was below 1.5.

Military personnel in Viet Nam: The Vi et Nam Experience Study is described by its
authors as a 'multidimensional assessment of the health of Viet Nam veterans (Centers
for Disease Control Vietnam Experience Study, 1988a,b,c,d). This study was designed to
examine effects among men who served in the United States ared forces in Viet Nam,
where Agent Orange (see Section 1.2.1(a)(i)) was widely sprayed as a herbicide and
defoliant (Operation Ranch Hand). The study population was a random sample of men
who enlisted in the United States Ary from 1965 through 1971, whose militar
occupational status was other than 'dut Y soldier', who enlisted for a single term with a
minimum of 16 weeks' active dut Y and who were discharged at pay grades of E-l to E-5.
The controls were selected from among veterans enlisting during the same p.eriod but
whose dut Y station was the United States, Germany or Korea. Paricipation involved
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Table 16. Concentrations of PCDDs in hUIDan adipose tissue (nglg wet weight) froID persons exposed to
phenoxy herbicides iD Sweden

~~Compound Mean value Range Exposed Unexposed Cancer patients Contro1s ("
s:(n = 31) (without cancer) 0
Z

Mean Range Mean Range Mean Range Mean Range 0
Q

(n = 13) (n = 18) (n = 17) (n = 14) ~~2,3,7,8-TCDD 3 0-9 2 0-9 3 2-6 3 2-9 3 2-6 ::
CI1,2,3,7,8-PeCDD 10 3-24 6 3-24 9 4-18 9 4-24 9 3-18 ~1,2,3,6,7,8-lIxCDD 15 3-55 19 8-55 12 3-18 18 3-55 12 8-18 0
l'1,2,3,7,8,9-lIxCDD 4 3-5 5 3-13 4 3-5 4 3-13 4 3-5
~1,2,3,4,6,7,8-fIpCDD 97 12-380 104 20-380 85 12-176 100 12-380 85 20- 1 68

OCDD 414 90-763 398 90-763 421 98-679 408 90-20 421 182-763 m
0\
\0

From Nygren et al. (1986)
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completion of a telephone survey of current and past health status by 7924 veterans who
served in Viet Nam and 7364 veterans who served outside Viet Nam. A random
subsample of 2940 Viet Nam and 1972 non- Viet Nam veterans paricipated in the health
evaluation component.

Table 17. Levels of PCDDs in serum of nine 2,4,S-T
applicators and nine matched control subjects in New
Zealand

Congener Average level (ng/kg fat i: SEr Ratiob

Applicator Matched control

2,3,7,8-TCDD 53.3 i: 16.1 5.6i:1.1 9.5
1,2,3,7,8-PeCDD 12.4 i: 1.1 8.8 :t 0.7 1.4
1,2,3,4,7,8-IIxCDD 6.8 :t 0.5 5.7 i: 0.4 1.2
1,2,3,6,7,8-IIxCDD 28.6 i: 5.1 23.3 i: 4.9 1.2
1,2,3,7,8,9-IIxCDD 9.9:t 0.9 8.2 i: 0.6 1.2
1,2,3,4,6,7,8-IIpCDD 121.9 i: 28.5 119.4 i: 18.4 1.0
OCDD 788.6 i: 82.3 758.7 i: 92.8 1.0

From Smith et aL. (1992a)
a Values are adjusted for total lipids in serum.
b Ratio, average for applicators/average for matched control sub-

jects

Investigators in the Centers for Disease Control Veterans Health Studies (1988; see
Table 18) studied serum levels of 2,3,7,8-TCDD among 646 Viet Nam veterans who
were ground combat troops during 1967-68 in areas heavily sprayed with Agent Orange.
Also studied were 97 veterans who did not serve in Viet Nam. The mean serum level was
4 ng/kg for each group, as measured in 1987. There was no correlation between serum
levels of 2,3,7,8-TCDD and service in areas of Viet Nam raned by level of presumed
intensity of spraying based on militar records, or between serum levels and self-reported
levels of exposure to Agent Orange. Only two Viet Nam veterans had levels above
20 nglg (25 and 45 nglg). Ths study did not include Viet Nam veterans who served in

the Ai Force spraying of Agent Orange (the Operation Ranch Hand veterans), nor
members of the Ary Chemical Corps which also sprayed Agent Orange. There are data
indicating that these specifie groups (especially Ranch Hand veterans) had significant
levels of exposure to PCDDs above background.

One of the largest epidemiological studies of United States militar personnel
stationed in Viet Nam is being conducted by the United States Ai Force. The study
population consists of Ai Force personnel who served in Operation Ranch Hand units in
Viet Nam from 1962 to 1971 and who were employed in the dissemination of Agent
Orange through aerial spraying. Comparsons included Ai Force personnel who flew or
maintaed C-130 aicraf in south-east Asia during the same period. The study design
includes a series of cross-sectional medical studies conducted at five-year intervals



60 IARC MONOGRAPHS VOLUME 69

Table 18. Serum levels of 2,3,7,8- TCDD in United States
veterans who served in Viet Nam and elsewhere in 1987

Place of service No. Mean :1 SD Percentile
( ng/kg)

25th 50th 75th 90th 95th

Non- Viet Nam 97 4.1:1 2.3 2.8 3.8 4.9 7.2 9.2
Viet Nam 646 4.2:1 2.6 2.8 3.8 5.1 6.8 7.8

From Centers for Disease Control Veterans Health Studies (1988)

beginning with the baseline study in 1982 (1045 exposed, 1224 unexposed). Two follow-
up evaluations were conducted in 1985 (1016 exposed, 1293 unexposed) and 1987 (995
exposed, 1299 unexposed). Each cross-sectional study included comprehensive physical
and psychological evaluations. ln the 1982 baseline and 1985 and 1987 follow-up
studies, exposure was based on the comparson of the Ranch Hand group versus the
comparson group. An additional analysis estimated the approximate exposure (low,
medium or high) for the Ranch Hand group by using historical militar data and herbi-
cide procurement and usage records (Roegner et aL., 1991).

The Air Force Ranch Hand veterans (Wolfe et aL., 1990) (see Table 19) tested in
1987 and exposed during 1962-71 (n = 888) had a median of 12.4 ng/kg serum 2,3,7,8-
TCDD compared with a median of 4.2 ng/kg for comparison subjects (n = 856) who
were Air Force personnel not exposed to herbicides. The highest levels were for non-
flying enlisted personnel (n = 407), with a median of 23.6 ng/kg. Air Force Ranch Hand
veterans sprayed approximately 88-90% (Thomas & Kang, 1990) of the Agent Orange
applied in Viet Nam, with application from airplanes. The remaining 10-12% was
sprayed by the Ary Chemical Corps which applied the herbicide around the perimeter
of bases either from the ground or from helicopters. Kahn et aL. (1988) studied 2,3,7,8-
TCDD serum levels in a sample of 10 heavily exposed Viet Nam veterans and matched
controls. The two highest levels were found in Ary Chemical Corps personnel
(approximately 75 and 180 ng/kg. It should be noted that both Ranch Hand veterans and
Ary Chemical Corps veterans sprayed other herbicides (Agent Whte or Agent Blue)
besides Agent Orange, although few other herbicides were contaminated with PCDDs
(Thomas & Kang, 1990). These data suggest that, although some Ranch Hand subjects
were exposed to very high levels of2,3,7,8-TCDD, most had lower exposures.

Nygren et aL. (1988) analysed adipose tissue and blood samples collected 15-20 years
after militar service from 27 men, 10 of whom were heavily exposed during their
service in Viet Nam, 10 of whom had marginal exposure during service and served as
Viet Nam controls and seven veterans who did not serve in Viet Nam and were used as
'era' controls. The results are summarzed in Table 20. The only difference in the mean
values was for 2,3,7,8-TCDD, for which the arthmetic mean for the heavily exposed
group is approximately 8-10 times higher than that for controls. The highest level found
was 213 ngJg. ln another report from the same study group, Gochfeld et al. (1989)
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found a good correlation (r = +0.89) between the concentrations of 2,3,7,8-TCDD in
blood and adipose tissue.

Table 19. Serum 2,3,7,8-TCDD levels (nglg) in Ranch Hand and
control veterans

Stratum Ranch Hand veterans Comparson subjects

No. Median Range No. Median Range

Flying officers (pilot) 247 7.3 0.0-2.6 239 4.7 0.0-18.5
Flying officers 63 9.3 1.1-35.9 53 4.5 2.2-7.9
(navigator)
Nonflying offcers 19 6.6 3.1-24.9 11 4.3 0.O-.0
Flying enlisted personnel 152 17.2 0.0-195.5 137 4.0 0.0-12.7
Nonflying enlisted 407 23.6 0.0-17.7 416 3.9 0.0-54.8
personnel

AlI personnel 888 12.4 0.0-17.7 856 4.2 0.0-54.8

From Wolfe et al. (1990)

.
(iii) Exposure to PCDDs at incinerators

The levels of PCDDs in blood from 11 workers at a Swedish hazardous waste inci-
nerator feU within the range of the normal background (Rappe et aL., 1992). The same
result was reported by Bolm-Audodf et aL. (1994) for 31 workers at three hazardous
waste incinerators in Germany.

Böske et al. (1995) analysed 37 blood samples of employees at a municipal solid-
waste incinerator. They reported that no increased concentrations could be attributed to
professional activities by the donors. Similarly, Päpke et aL. (1993a) found normal I-TEQ
values in 10 blood samples from workers employed at municipal solid-waste incinerators
in Germany.

ln order to determne occupational exposure of employees in thee hazardous waste
incinerators, 25 workplace air measurements were analysed (Päpke et al., 1994a). The
highest concentration measured was 3.79 pg I-TEQ/m3, corresponding to 7.6% of the
German occupational technical exposure limit (TRK) of 50 pg I-TEQ/m3 (see Section
1.5). AIl the sampling took place during a normal working day at the plants.

The exposure situation can change quite drastically when repai works are cared out
at hazardous waste incinerators and/or during welding, cutting and burnng of metals
(Menzel et al., 1996), which can lead to exceptionally high concentrations. Outside of
hazardous waste incinerators, high concentrations can also occur at demolition sites
where steel constrctions and machines are burned. The TRK value was exceeded by
factors of 2-24 in the cases observed. AlI ai samples were taken by personal sampling.
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Table 20. Concentrations of PCDDs in blood plasma of exposed and unexposed groups of United
States Army veterans (ng/g fat)

Isomers Arthmetic means Geometrie means ""

Exposed Viet Nam Viet Nam Era controlsa Exposed Viet Nam Era
~
el

veterans controls Vi et Nam controls controls a;
veterans 0

Z0
Mean SEMb Mean SEM Mean SEM Mean Mean Mean 0

~2,3,7,8-1lC:i)i) 46.2 19.1 6.6 0.9 4.6 0.9 15.7 5.9 3.9 :i
1,2,3,7,8-PeC:i)i) 13.7 2.5 14.3 2.3 14.4 2.3 11.7 12.9 13.3 en

1,2,3,4,7,8-HxCDJ) 15.5 2.7 12.0 2.8 8.8 2.2 13.2 8.5 7.0 ~01,2,3,6,7,8-llxC:J)J) 124 10.7 108 25.5 96.3 30.3 120 80.6 73.8 r
1,2,3,7,8,9-llxC:i)i) 21.6 4.0 11.5 2.1 11.1 4.8 16.9 8.7 6.8 ~1,2,3,4,6,7,8- llpC:J)J) 201 19.2 157 28.2 139 51.1 194 137 108 tr
OCJ)D 1582 461 1118 356 1120 406 1204 618 709 0\

\0

From Nygren et al. (1988)
aEra controls are veterans who served outside Viet Nam during the period of the Viet Nam conflct
b SEM, standard error of mean
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(iv) Exposure in paper and pulp mils

Exposure to PCDDs and PCDFs among workers in paper and pulp mills appears not
to be significantly higher than among referents outside the paper industry, even among
those workers thought to have the most opportunity for exposure (those exposed to the
effluent of the bleaching process).

The United States National Institute for Occupational Safety and Health (Mouradian
et aL., 1995) conducted air and wipe sampling in a paper mill and measured PCDD and
PCDF levels in the sera of 46 workers (14 with low potential exposure, 32 with high
potential exposure) and in 16 community residents who served as referents. While some
low levels of PCDD and PCDF were detected in the air, there were no differences in
serum PCDD and PCDF levels between referents, 'low-exposure' workers and 'high-
exposure' workers, all of whom showed normal low levels. For 2,3,7,8-TCDD, the
respective medians were 1.8, 1.9 and 1.9 ng/kg, while the median PCDD/PCDF total
I-TEQs were 19.1,21.2 and 18.1 ng/kg for each group, respectively. Regression analyses
indicated that occupational exposure was not a significant predictor of serum I-TEQ
levels, but consumption of local fish, age and body mass index were predictors. A
number of workers had a long history in the plant and would have been expected to have
higher serum levels if occupational exposure was significant.

Rosenberg et al. (1994) found similar results for workers in a Finnish paper mill.
They measured serum levels of PCDDs and PCDFs in 14 workers from the bleaching
area, 20 workers from the paper mill and 14 controls who worked in areas of the mill
without contact with paper or bleach. There were no significant differences in lipid-
adjusted PCDD/PCDF concentrations between the thee groups (median PCDD/PCDF
total I-TEQs, 52.7, 54.7 and 47.0 ng/kg, respectively) and results for all three groups
were similar to background concentrations for men not occupationally exposed. There
were sorne significant differences in levels of 2,3,7,8-TCDD (medians, 4.9, 2.4 and 3.3
ng/kg, respectively) and of 2,3,7,8- TCDF (medians, 2.9, 1.5 and 1.6 ng/kg, respectively),
with workers in the bleaching areas having the highest levels. However, levels of these
congeners did not differ from background levels for workers not exposed occupationally.
The authors indicated that workers ate locally caught fish one to two times a week and
that fish consumption may have influenced the results.

(v) Exposure in steel mils

PCDDs and PCDFs have been investigated in the work envIronment in steel mills in
Sweden by Antonsson et al. (1989). Values for air samples at points close to a fumace,
an overhead crane and a crane cabin ranged between 0.80 and 14 pg Nordic TEQ/m3.

From these results, a daiy intake of PCDDs/PCDFs was estimated to be 5-10% of the
maximum limit of admissible daily intake (ADI; 35 pglg per week).

(b) Population exposure due to industrial accident

ln an accident on 10 July 1976 at the ICMESA plant at Seveso, ltaly, a runaway
reaction led to a blow-out of a TCP production reactor. The chemical cloud that emerged
from the reactor entrained nearly 2900 kg of organic matter, including at least 600 kg of
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sodium trichlorophenate and an amount of 2,3,7,8- TCDD which is stil being evaluated
(probably of the order of several kilograms). The visible par of the cloud rose up to
about 50 m, subsequently subsided and fell back to the earh, but was wind-drven over a
wide area. Within less than 2 h after the accident, chemicals settled on the ground as far
as 6 km south of the factory, or were dispersed by wind streams. Plants, domestic

animaIs and birds were seriously affected, many dying within a few days of the accident
(probably due to chemicals other than 2,3,7,8-TCDD). About 10 days after the accident,
2,3,7,8-TCDD was found in samples of varous types collected near the factory (Bertazzi
& di Domenico, 1994). As a first step, information on the location of toxic and patho-
logical events was used to draw an approximate diagram of the contaminated area. This
was confirmed by chemical monitoring of 2,3,7,8-TCDD in the soil cared out under
emergency conditions. Within five weeks of the accident, the area was subdivided into
Zones A, Band R in descending order of 2,3,7,8-TCDD contamination and toxicological
risk levels. The borderline between Zones A and B was set at average 2,3,7,8-TCDD
concentrations in the soil of ~ 50 f.g/m2; the boundares between Zones A and Band
Zone R were fixed where the average contamnation was ~ 5 f.g/m2. Zone R included the
remaining terrtory where detectable levels of 2,3,7,8-TCDD (formally ~ 0.75 llg/m2)
were found. Soillevels are furter described in Section 1.3.2.

From Zone A, over 730 inhabitants were evacuated. Zones Band R were subjected to
area-specific hygiene regulations including prohibition of farng, consumption of local
agricultural products and keeping poultr and other animaIs. AlI persons residing in these
zones at the time of the accident, as well as all the newborn and new residents in the
subsequent 10-year period, were considered to have been exposed. Thee exposure
categories were formed, corresponding to the zone of residence of the subjects at the time
of the accident or later entry into the area. As a reference, the population of 11 muni-
cipalities surrounding the contamnated area was adopted (Bertazzi et aL., 1993).

Mocarell et al. (1990) reported analyses of 19 non-randomly selected samples of

blood collected in 1976 from persons living in Zone A (Table 21) (analytical method
ACS). Of these persons, 10 had chloracne of type 3 or 4 (see Section 4.2.1(a)) and nine
had no chloracne. The persons with chloracne in general had higher concentrations than
persons without chloracne, but high concentrations were also found in the healthy group.
The 2,3,7,8-TCDD level of 56000 ng/kg fat is the highest ever reported.

Recently, blood measurements of2,3,7,8-TCDD were performed in persons randomly
sampled from the most contaminated areas (Zones A and B), and in members of the

population adopted as reference in the epidemiological investigations (Landi et aL.,
1996). Preliminar results were reported. ln the six persons from Zone A, the median
value was 71.5 ng/kg (extrapolation back to 1976 assuming a half-life of 7.1 years gave a
value of 388.7 ng/kg); in the 52 inhabitants in Zone B, the corresponding values were
12.5 ng/kg and 77.6 ng/kg, while in the 52 subjects from the reference population, the
median value was 5.5 ng/kg. Women consistently had higher levels of 2,3,7,8-TCDD
than men in all three areas.
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Table 21. Concentrations of 2,3,7,8-
TCDD in the blooda of individuals
from Zone A, Seveso

Age in
1976

Chloracne
btype

2,3,7,8-LLCi)i)

(ng/kg fat)

4
2

6
4
8

6

11

10

5

16

15

38
27

71

39
41

55
46
50

llype 4
llype 4
llype 4
llype 4
llype 3

llype 4
llype 4
llype 3

llype 3

llype 3

None
None
None
None
None
None
None
None
None

56 000
27 800
26 400
26 000
17 300
15 900

12 100
7420
1690

828
10 400

9140
6320
5560
4540
3730
3050
2650
1 770

From Mocarell et al. (1990)
"B1ood samp1es were collected in 1976
b llypes 3 and 4 are the most severe chloracne

(c) Summary table

Table 22 summarzes data from the major cohorts of populations highly exposed to
2,3,7,8-TCDD occupationally or as a result of accidents. Estimates of mean or median
exposures, or in one case a range of individual exposures, are presented as reported in the
cited publications. When tissue concentrations were measured, concentrations at the tire
of exposure estimated in the cited publications, or back-calculated by the Working Group
based on a seven-year half-life, are also given.

1.3.2 Environmentaloccurrence

1- TEQ values are for PCDDs and PCDFs combined.

Ca) Air
PCDD/PCDF levels in ai have been reported for many countries during the last 10

years. Due to the enormous amount of information, only a selection of representative
data are summarzed below. For detaled information, see Appendix 1 (Table 1).
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Table 22. Estimated exposures to 2,3,7,8-TCDD (nglg blood lipid) of selected study populations

Study Date(s) or duration of Date of No. of Mean measured Back-calculated to exposure
exposure sampling workers 2,3,7,8-TCDD date

blood concentration

Industrial workers
BASF 1953 1988-92 138 15.4 (geom.) geom. mean: (- 400)"
(Germany) (accident) (1008: estimated cumulative
(Ott et aL., 1993) concentration at time of -

~exposure in workers with
severe chloracne) ('

~
Boehrnger- Inge1heim 13.1 years 1985-94 0
(Germany) Mean of 5.4 years after 48 84.1 (median) 141 (3-2252) Z0
(Flesch-Janys et aL., end of exposure (measured 1eve1s for the total el
1995, 1996a; 1C0gevinas Mean of 11.0 years after 48 (same 48 48.9 (median) cohort) ~
et al., 1997) end of emp10yment as above) 'i

::
USA 1987 (15-37 years after 253 (from 2 233 - 2000 (me an) 

en
~(Fingerhut et aL., employment) of 12 plants) 32 000 (max.) 0

1991a,b) )- 1 year of exposure 119 418 l"
C

Netherlands 1955-1985 1993 48 22. 9 (production) geom. mean: ~(Rooiveld et al., (factory A) (geom.) 286 (17-1160) 0'
1996a,b) 87.2 (1963 accident) 1434 (301-3683)

\0

(geom.)

Handling and sprayig of 2,4,5- T

Ranch Rand! Late 1960s 1984-85 9 46.3 (arth.) (- 180)"

US Viet Nam veterans 15.7 (geom.) (- 60)"

(Nygren et aL., 1988)
Ranch Rand! Late 1960s 1987 888 12.4 (median) (- SOr
US Viet Nam veterans

(Wolfe et al., 1990)



Table 22 (contd)

Study Date(s) or duration of Back-calculated to exposure
'"

Date of No. of Mean measured 0
exposure sampling workers 2,3,7,8-llC:DD date L'~

blood concentration (J

?
Handlng and spraying of2,4,S-T (contd) 0

~New Zealand 1953-88 1988 9 53.3 - 300 (in 1970)

(Smith et al., 1992a) (mean duration of ~
exposure, 16 years) ~v

Seveso accident v-
Mocarelli et aL. (1990) 1976 1976 19 (zone A) 828-56 000 ti

tr
(range of individuals) Z

N
Landi et aL. (1996) 1976 (1992-93) 6 (zone A) 61.5 (mean) 333.8 0

~71.5 (median) 388.7 i:
52 (zone B) 16.8 (mean) 111.4 ~

1

12.5 (median) 77.6 v-
52 (outside) 5.3 (me an) 

0
~

5.5 (median) Z
C/

a Values in ( J ca1culated by the W orking Group

0\..
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(i) AustraUa

Taucher et al. (1992) reported PCDD/PCDF data from four sites in Sydney. The
levels found in urban areas (0.016-0.062 pg I-TEQ/m3) were similar to those from the
northem hemisphere. There seemed to be a dose similarity with profiles obtained from
combustion sources.

(ii) Austria

The first systematic approach (Moche & Thanner, 1996a) to monitor ambient air
concentrations of PCDDs/PCDFs in Austria was stared in 1992. Within and in the vici-
nit y of Vienna, Graz, Linz and Steyregg, 100 samples were taken during a who le year.
The values generally ranged in the summer and winter period between 0.022-0.041 and
0.050-.222 pg I-TEQ/m3, respectively. The winter PCDD/PCDF values at Graz (south
of the city centre on the grounds of a garden nursery) were approximately 0.22 pg 1-
TEQ/m3 and were clearly above the levels found at Vien na and Linz.

(iii) Belgium
Wevers et al. (1992) compared PCDD/PCDF concentrations in air in a vehic1e tunnel

near Antwerp with local ambient air. The 1- TEQ values in tunnel air were two to three
times higher than those in ambient (background) air. Wevers et aL. (1993) also reported
values from six sampling locations across Flanders (Belgium) in the neighbourhood of
typical emission sources. The values found ranged between 0.018 and 0.379 pg
I-TEQ/m3.

(iv) Canada

Measurement of PCDDs/PCDFs in ambient air in south-west Ontaro have been
presented by Bobet et aL. (1990) for two sampling stations: downtown Windsor and
Walepole Island Indian Reserve. No isomer-specific analyses were reported. Concen-
trations measured at the Walepole station in 1988 were 4-20 times lower than those in
Windsor. ln the 13 samples collected in Windsor, the mean level of OCDD was
2.12 pg/m3 with a maximum of 7.09 pg/m3. The mean for total HpCDD was 1.19 pg/m3.
At both stations, the majority of the PCDDs detected comprised hepta- and octa-chlori-
nated congeners. The tetra- and penta-CDDs were not found above detection limit
(0.1 pg/m3) at either station.

Additional data for Ontaro were measured in 1988 in Dorset and on Toronto Island
by Steer et aL. (1990a). The highest levels were mainly for OCDD: Toronto Island, 0.3-
0.8 pg/m3; Dorset, 0.1-7 pg/m3. No other isomer-specific data were reported.

Samples collected in the vicinity of a cement kiln were reported by Reiner et al.
(1995). The values found were lower than the average values found in air samples taken
on Toronto Island. AlI levels were considerably lower than the Ontao Ministry of Envi-
ronment and Energy guideline of 5 pglm3.

Steer et al. (1990b) reported elevated PCDD and PCDF air levels in connection with a
fire at a disposaI site containing sorne 14 millon tyres. Sampling sites were changed as
required to provide samples near the fire (1 km downwind) and samples at the limit of



POL YCHLORIA TED DIBENZO-para-DIOXINS 69

the evacuation zone (3 km downwind). The highest total I-TEQ of 2.5 pg/m3 measured
represents 50% of the provincial interim guideline of 5 pg/m3 (annual average).

(v) Germany

Bruckman and Hackhe (1987) reported 21 ambient air measurements in Hamburg.
The sampling was performed at sites with wide differences in air quality (e.g., at a dump
site, residential area, industrial area, highway tunnel, close to a highway, vicinity of
Hamburg). The values were between -: 0.1 pg and 2.2 pg/m3 expressed in German TEQs.
The main sources of the PCDDs/PCDFs detected were thermal processes (industry,
traffic and probably home heating facilities). Using more sophisticated analytical
techniques, Rappe et al. (1988) analysed 13 Hamburg samples not only for the 2,3,7,8-
substituted isomers but also for all single isomers separated on SP 2331 GC.

Between 1985, and 1986, 18 sites in North-Rhne-Westphalia were sampled to
quantify PCDDs/PCDFs in ambient air (Kirschmer, 1987). For the Rhine-Ruhr area,
mean values for total PCDDs and PCDFs at 11 sampling sites were 3.2 pg/m3 and
5.5 pglm3, respectively. 2,3,7,8-TCDD was not detected in any sample (detection limit,
0.1 pg/m3).

Chrstmann et aL. (1989b) analysed 22 air samples originating from Berlin, Gelsen-
kirchen and Recklinghausen. UsualIy, PCDD/PCDF levels were in the lower pg/m3
(0.02-0.4 pg German TEQlm\ ln one indoor air sample, the TEQ value was increased,
due to the application ofPCP as wood preservative, up to 2.6 pg/m3.

Measurements in kindergarens with PCP-treated wood have been reported by Päpke
et al. (1989a). The mean of 15 measurements was 0.696 pg German TEQlm3 (range,
0.018-2.46).

ln 1990, at six sites located in Hessen, average ambient air PCDD/PCDF concen-
trations (ca1culated as I-TEQ) of between 0.048 pg/m3 (rural reference site) and
0.146 pg/m3 (industrial sites combined) were determned (König et aL., 1993). At five
locations, a distinct annual cycle of PCDD/PCDF concentrations was observed, with
relatively low concentrations in summer and increasing concentrations towards the
winter months. On the other hand, the ratio of total PCDF to total PCDD levels showed a
maximum in summer because of a comparatively larger decrease in PCDD towards the
summer months. The annual average distrbution of PCDD/PCDF homologue groups
was similar at aU six sites. The contributions of PCDF homologues to the total tetra- ta
octa-CDD/CDF content decreased with increasing degree of chlorination, whereas that of
PCDD homologues increased with increasing degree of chlorination. For each homo-
logous group, the contrbution of congeners with a 2,3,7,8-chlorine substitution pattern
was similar.

Towara et aL. (1993) analysed the distrbution of airbome PCDDs/PCDFs in relation
to paricle size. Paricle sizes from -: 0.15 to ~ 4.05 lLm were grouped into five
categories; the patterns of PCDDs/PCDFs detected were very siinlar for an five
categories. Hence, paricle-mediated transport and deposition should be similar for all
PCDD/PCDFs.
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Data on PCDDs/PCDFs in ambient air have recently been reported by Wallenhorst
et al. (1995) for Baden-Württemberg. ln rural areas, total concentrations were 0.015-
0.020 pg I-TEQ/m3. ln urban areas, the concentrations were 0.07-0.08 pg I-TEQ/m3.
PCDD/PCDF concentrations in total air decreased from city centre to suburban areas and
the surrounding areas.

Annual mean concentrations of PCDDs/PCDFs in the ambient air of four cities in
Nort-Rhne-Westphalia were measured at the same locations in 1987-88 and again in
1993-94 (Hiester et al., 1995). Over this period, the annual average PCDD/PCDF
concentrations decreased from 0.130 to 0.040 pg I-TEQ/m3 in Cologne (69%), from
0.332 to 0.124 pg I-TEQ/m3 in Duisburg (63%), from 0.204 to 0.076 pg I-TEQ/m3 in
Essen (63%) and from 0.224 to 0.120 pg I-TEQ/m3 in Dortmund (46%). This decrease
can be related to actions taken since 1989.

A similar situation has been shown for Hamburg by Friesel et al. (1996). Monitoring
of ambient air and deposition demonstrated decreases of about 70% and 20% respec-
tively in PCDD/PCDF concentrations in air (pg I-TEQ/m3) and deposition flux
(pg I-TEQ/m2 per day). Ambient air concentrations decreased from 0.108 in 1990 and
0.037 in 1993 to 0.036 in 1995; deposition decreased from 16 in 1990 to 11 in 1993 but
rose to 13 in 1995. The fact that the reduction in ambient air concentrations has been

much greater than the reduction in emissions may be attributed to long-range transport
and to smaller diffuse sources not yet identified.

The atmospheric levels of PCDDs/PCDFs in both the gas and paricle phase were
measured continuously over one year (1992-93) at seven sites on the outskirts of
Augsburg (Hippelein et al., 1996; Swerev et al., 1996) and at a rural site 15 km from the
city. The PCDD/PCDF levels were about two times higher at the sampling points on the
edge of the city than at the remote location. There was a pronounced temporal varability
in total air concentrations, levels in winter being nine times higher than those in summer.
The gas/paricle paritioning was characterized by higher gaseous fraction for more
volatie compounds and higher ambient temperatures. It was concluded that the ambient
air concentrations of the PCDDs/PCDFs are determned by local and regional emissions,
with seasonal (winter) sources contributing the vast majority of the emission fluxes.

RabI et al. (1996) reported PCDD/PCDF measurements in relation to distance of 1.3,
2.0 and 3.3 km from a supposed local major emission source in Bavara (a municipal
waste incinerator at Schwandorf. The PCDD/PCDF concentrations were quite similar at
each distance. At emission concentrations of 1-10 pg I-TEQ/m3 from the incinerator, no
influence of the waste incineration plant could be found.

(vi) Japan
Isomer-specific analyses of PCDD/PCDFs and other chlorinated components in.

ambient air have been reported by Sugita etal. (1993, 1994). The concentrations of

PCDDs/PCDFs were higher in winter than in summer. Ranges were 0.469-1.427 pg
1- TEQ/m3 in summer and 0.294-2.990 pg 1- TEQ/m3 in winter. Coplanar and mono-ortho
PCBs were present at concentrations about 10 times higher than those of 2,3,7,8-
substituted PCDDs/PCDFs. PCDFs accounted for about 70% of the total toxic equi-
valents, PCDDs for 20% and the sum ofboth types ofPCBs for 10%.
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Similar findings have been presented by Kurokawa et al. (1994). At three different
sites, values were highest in winter. Coplanar PCBs contributed about 11 % to the total
TEQ. ln winter, most of the PCDDs/PCDFs were found in the paricle phase.

(vii) The Netherlands
van Jaarsveld and Schutter (1993) estimated (air calculation models) emissions of

PCDDs/PCDFs to the atmosphere in various pars of north-western Europe on the basis
of emission factors combined with production quantities. Atmospheric residence times
were calculated for different paricle sizes. Small particles, caring more than 50% of
total PCDDs/PCDFs, have residence times of the order of three days, while very large
paricles (diameter, ~ 20 llm) reside only a few hours in the atmosphere. Comparson of
predicted PCDD/PCDF levels in ambient air with available measurements showed fairly
good agreement.

Ambient air measurements of PCDDs/PCDFs in The Netherlands have been per-
formed by Bolt and de Jong (1993). Pariculate-bound PCDD/PCDF levels in air around
a municipal waste incinerator ranged between 0.015:t 0.005 and 0.125:t 0.025 pg
I-TEQ/m3. Congener profiles were very similar in all wind directions and were well
correlated with the incinerator emissions.

(viii) Norway

Oehme et aL. (1991) reported on the determnation of PCDDs/PCDFs in air at the inlet
and outlet of a longitudinally ventilated tunnel with separate tubes for each traffic
direction. The varing percentage of heavy-duty vehicles made it possible to differentiate
between factors for light-duty vehicles (LDVs) and heavy-duty (diesel) vehicles
(HDDVs). Depending on driving conditions, the estimated emission factors were of the
order of 0.04-.5 ng Nordic TEQ/k for LDVs and 0.8-9.5 ng/k for HDDVs. On a
volume basis, the values ranged between 0.097 and 0.98 pg Nordic TEQ/m3. A typical
ambient ai concentration for central Oslo was 0.04 pg Nordic TEQ/m3.

First measurements for PCDDs/PCDFs in Arctic air have been reported recently by
Schlabach et al. (1996). The sampling was performed in spring and summer of 1995 in
Spitzbergen. The values oftwo samples were 0.0023 and 0.0011 pg I-TEQ/m3.

(ix) Poland

The first results for PCDDs/PCDFs in ambient air were published by Grochowalski
et al. (1995). Two measurements performed in winter 1995 in Cracow - a heavily
industralized city - gave values of 0.95 pg I-TEQ/m3 (market square) and 11.95 pg
I-TEQ/m3 (crossroads), respectively. OCDD and OCDF were reported at 280 and
220 pg/m\ respectively.

(x) Russian Federation

Khamtov and Maystrenko (1994) reported ambient ai levels, sampled in Ufa, of
between 0.2 and 0.5 pg I-TEQ/m3. Levels of isomers were measured by Krglov et aL.
(1996) in two ai samples originating from an industrial city during an accidental oil fire.
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(xi) Slovakia

As par of the TOCOEN (Toxic Compounds in the Environment) project, Holoubek
et al. (1991) reported I-TEQ values in ambient ai from former Czechoslovaka. The
samples - collected in industrial and urban areas in 1990 - showed a wide range of
PCDD/PCDF contamination, from none detected to 6.3 pg I-TEQ/m3.

(xii) Spain
Ambient air samples associated with municipal waste incinerators, chemical industr,

traffc and urban air ranged between 0.05 and 0.55 pg I-TEQ/m3. Surprisingly high levels
of OCDF (126.8 pg/m3) were found near a municipal waste incinerator, while OCDD
was reported at only 5.7 pg/m3. Levels of highly chlorinated PCDDs and PCDFs corre-
lated poorly (Abad et al., 1996).

(xiii) Sweden
Rappe et al. (1989a) analysed nine ambient ai samples taken in winter in 1986 in

Rörvik and in Gothenburg under varous atmospheric conditions. The results demons-
trated that the contribution to the total air burden in Gothenburg from local sources
during periods with good ventilation seems to be of secondar importance. The isomeric
patterns of PCDDs/PCDFs among aH samples were very similar. There was also a
strking similarty in the isomeric pattern for TCDFs and PeCDFs in the pariculate
samples, automobile exhaust and emissions from municipal waste incinerators. The
results strongly indicated that the general background of PCDDs and PCDPs in airbome
pariculates has its origin in varous types of incineration processes, inc1uding automobile
exhaust.

(xiv) United Kingdom
Data on PCDD/PCDF air concentrations have been monitored in thee major cities

(London, Manchester and Cardiff) and a busy indus tral town (Stevenage) from the
beginning of 1991 to the end of 1992 (Clay ton et al., 1993). Levels of total 2,3,7,8-

substituted PCDDs and PCDFs, other isomers and the total I-TEQ for the four sites have
been reported. Concentrations of the 2,3,7 ,8-substituted PCDDs are mainly associated
with the HpCDDs and OCDD, the OCDD accounting for over 76% of the total 2,3,7,8-
substituted PCDDs. The tetra-, penta- and hexa-chlorinated congeners were generally
below detection limits. Higher values were found in winter than in summer. The mean
values for about 43 single measurements for each site were between 0.039 and 0.102 pg
I-TEQ/m3.

Dyke and Coleman (1995) reported PCDD/PCDF measurements before, during and
after 'bonfire night at Oxford. Bonfire night (5 November) is an annual event during
which it is customar in England to set off fireworks and light bonfires. An increase in
PCDD/PCDF concentrations by approximately a factor of four occurred during the
period of bonfire night.

(xv) United States

The results of a baseline study on PCDDs/PCDFs in the ambient atmosphere have
been published (Eitzer & Rites, 1989). Between 1985 and 1987, 55 samples were taken
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at three sites in Bloomington, IN, and a set of samples was also taken in the Trout Lake,
WI, area, a much more rural area than Bloomington. ln ambient air, consistency was seen
in the isomer pattern within each group of congeners with the same number of chlorine
substituents, but overall levels of the varous groups had somewhat more variation. Some
of this varation was related to the atmospheric temperatures, with more of the lower
chlorinated congeners found in the vapour phase at higher temperatures. No isomer-
specifie concentrations (except for OCDD) were reported. The mean OCDD values for
Bloomington and the Trout Lake area were 0.89 pg/m3 and 0.16 pg/m3, respectively.

Smith et al. (1989, 1990a,b), analysed downwind and upwind ambient air samples
around the industrial area of Niagara Falls, for PCDDs/PCDFs. One location, predo-
minantly downwind of Niagara Falls, showed a varety of patterns and a wide concen-
tration range of PCDDs/PCDFs (0.07-53 pg Eadon TEQ/m\ The upwind 'control'
location results showed lower concentrations of PCDDs and PCDPs and less varable
patterns. ln nearly all samples, HpCDDs and OCDD were found at ranges from not
detected to 5.43 pg/m3 and from 1.36 to 8.88 pg/m3, respectively.

PCDDs and PCDFs were measured in ambient air samples collected in Ohio in 1987
by Edgerton et aL. (1989). No 2,3,7,8-TCDD was detected in any of the samples at a
detection limit of less than 0.24 pg/m3. Using a chemical mass balance model applied to
PCDD/PCDF congener group profiles, major potential sources of these compounds to the
atmosphere in Ohio were deterrned to be municipal solid waste and sewage sludge

combustion plants.

Hahn et aL. (1989) reported on pre-operation al background ambient air levels of
PCDDs/PCDFs around two modem municipal waste incinerators. ln addition, workplace
air levels inside one facility (Hilsborough County, PL) were measured to evaluate the
potential exposure of employees. The levels of PCDDs/PCDFs and heavy metals were
similar to ambient levels outside the facility before the facility began operation.

The concentrations of PCDDs and PCDFs in ambient air of several sites in metro-
politan Dayton, OH, have been determned (Tieman et al., 1989). Total PCDDs detected
in industrial areas ranged from 1.6 to 11.2 pg/m3, and the corresponding total PCDFs
ranged from 0.62 to 11.7 pg/m3. No PCDDs or PCDFs were found in rural regions,
typical average detection limits being on the order of 0.02-0.17 pg/m3. Approximately
50% of the total PCDD/PCDFs in the ambient air samples collected consisted of 2,3,7,8-
chlorine-substituted congeners.

Airbome concentrations of PCDDs/PCDFs in office buildings and in corresponding
ambient ai in Boston, MA, were measured by Kominsky and Kwoka (1989). Twelve of
the 16 samples were collected inside the buildings and four were collected at the ambient
air intake plenums of the buildings. The distribution of total PCDD congeners was quite
similar to corresponding sudace wipe samples. ln all 20 samples, it was possible to
detect OCDD.

PCDD/PCDF concentrations in ambient ai in winter at Bridgeport, the largest city in
Connecticut, have been analysed by Hunt and Maisel (1990). The Connecticut Depar-
ment of Environmental Protection has proposed an ambient air quality standard for
PCDDs/PCDFs expressed in 2,3,7,8-TCDD equivalents on an annualIzed basis of
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1.0 pg/m3. ln order to ensure that this standard is satisfied, it is required that ambient
monitoring for each of the 2,3,7 ,8-substituted PCDD/PCDF isomers be conducted in the
vicinity of each municipal solid-waste incinerator on both a pre-operational and post-
operational basis. The report described the pre-operational measurements in the autumn
and winter of 1987-88 in the vicinity of a municipal solid-waste incinerator. The TCDFs
were the major PCDF class found. 1,2,3,4,6,7,8-HCDF was the predominant PCDF of
toxicological significance. HxCDDs, HpCDDs and OCDD were the predominant PCDD
congeners, and 1,2,3,4,6,7,8-HpCDD the predominant PCDD isomer of toxicologie al
significance. ln winter months, PCDDs/PCDFs are almost exclusively particulate-asso-
ciated. Comparson of pre- and post-operational ambient PCDD/PCDF concentrations in
the vicinity of the incinerator during winter showed similar leve1s and profiles for both
periods.

Maisel and Hunt (1990) presented data on PCDDs/PCDFs in a 'typical ambient air
sample from Los Angeles, CA, including isomer-specific concentrations. Ambient
PCDD/PCDF burdens for a Connecticut coastal location (n = 27, urban, winter), a
southern Californian location (n = 34, urban) and a central Minnesota location (n = 16,
rural) were 0.092, 0.091 and 0.021 pg I-TEQ/m3, respectively.

A comprehensive programme for measurement of airbome toxic agents, designed to
establish baseline concentrations of atmospheric PCDDs/PCDFs in the South Coast Air
Basin (Califomia), involved nine sampling sessions between December 1987 and March
1989 at eight different locations (Hunt & Maisel, 1992). The PCDD/PCDF congener
profiles from most of the sample examined strongly suggested the influence of com-
bustion sources. 1,2,3,4,6,7,8-HpCDD was the most prevalent PCDD afer OCDD. The
most toxic congener, 2,3,7,8-TCDD, was below the 10-20 fg/m3 detection limit for most
of the ambient ai samples.

Ten years after the Binghamton State Office Building transformer incident in 1981
(see PCDF monograph, Section 1.2. 1 (b)(viii)), Schecter and Charles (1991) presented
data on PCDDs/PCDFs in the ai. ln 1981-82, airborne samples contained levels of
352 pg Eadon TEQ/m3 at the transformer site. ln 1986, nine years into clean up, levels of
74 pg/m3 TEQ were recorded. The guidelines for reoccupancy of the building were
reported to be 14 pg TEQ/m3 for renovation workers and 10 pg TEQ/m3 for office
workers.

The levels of airborne PCDDs/PCDFs in the area of the Columbus Municipal Waste-
to-Energy facilty in Columbus, OH, were reported by Lorber et aL. (1996a). This
facility, the largest single source of PCDDs/PCDFs identified in the literature (1992,
984 g I-TEQ per year; 1994,267 g I-TEQ per year), ceased operation in December 1994.
Air concentrations in the city were higher in 1994 when the facility was operating than
after it shut down: in March and April 1994, the levels were 0.067 and 0.118 pg
1- TEQ/m3, respectively, compared with 0.049 pg 1- TEQ/m3 in June 1995 after the facility
had closed.

Also in Ohio, ai in the vicinity of the Montgomery County north and south municipal
waste Incinerators was analysed for PCDD/PCDFs (Riggs et al., 1996). PCDD levels in
September 1995 were similar to those in the same area in 1988, but PCDF levels were
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much lower. At one site, the TEQ of PCDDs/PCDFs in ambient air was about a factor of
10 lower in 1995 than in 1988.

(b) Water (see Appendix 1, Table 2)

Because of the complex cycling and paritioning of PCDDs/PCDFs in the aquatic
environment and the difficulty of analysis, adequate sampling and analysis methods have
become available only over the past decade.

PCDDs and PCDFs are highly lipophilc and thus have an affinity for pariculate
organic carbon (Webster et al., 1986). Knowledge of their paritioning between the sedi-
mentary, colloidal, dissolved, organic and even vapour phases remains limited, largely
because of the difficulty of measuring these compounds in solution.

PCDDs parition between pariculate and dissolved fractions. Material that passes
through a filter of 0.45 /lm or 0.2 /lm pore size is commonly defined as dissolved. The
major problem with this definition is that colloidal paricles (suspended solid paric1es of
.. 0.2 /lm diameter) and other macromolecules pass through such filters and are inc1uded
in the 'dissolved phase. However, colloids and 'dissolved' organics may function as

'small paricles' in terms of the mechanisms of PCDD/PCDF uptake by biological
systems (Broman et al., 1991, 1992).

(i) Canada

A survey of drnkng-water supplies in the Province of Ontaro was initiated in 1983
to de termne the extent of their contamnation with PCDDs/PCDFs (Jobb et al., 1990). A
total of 49 water supplies were examined. Water supplies in the vicinity of chemical
industries and pulp and paper mills were sampled up to 20 times. Detection limits were
in the low ppq (pg/L) range for all tetra- to octa-CDDs/CDFs. From 399 raw and treated
water samples, only 37 positive results were reported. OCDD was detected in 36 of these
samples, at values of 9-175 pg/L. 2,3,7,8-TCDD was not detected in any sample.

Muir et aL. (1995) analysed water and other matrices downstream from a bleached
kraft pulp mill on the Athabasca River (Albert) in 1992. The 'dissolved phase' and the
suspended pariculates from continuous centrifuged samples were analysed for 41
PCDDs and PCDFs ranging from mono- to octachloro-substituted congeners. Most
PCDD congeners (including 2,3,7,8-TCDD) were undetectable (.. 0.1 pg/L) in the centri-
fugate.

(ii) Finland

High concentrations (70-140 /lg/L) of total chlorophenols were found in dring-
water and 56 000-190 000 /lg/L in ground water close to a sawmill in southern Finland.
No data on PCDDs/PCDFs were reported. Due to their presence in commercial chlori-
nated phenols used, exposure of the population to PCDDs/PCDFs could not be exc1uded.
No increased PCDD/PCDF concentrations were found in milk samples from mothers
who had used the contamnated water (Lampi et aL., 1990).
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(iii) Germany
Götz et al. (1994) reported an analysis of dissolved and paric1e-bound PCDDs/-

PCDFs in the River Elbe. Samples upstream of Hamburg (Bunthaus) showed total values
of3.15 pg I-TEQ, while downstream in Blankenese values of 1.21 pg I-TEQ were found.
More than 98% of the 1- TEQ concentration in the water was paric1e-bound.

(iv) Japan

Seawater from Japanese coastal areas has been analysed. Adequate detection limits
were achieved by use of a pre-concentration system, applied to 2000 L coastal seawater,
resulting in the detection of almost aIl 2,3,7,8-substituted PCDDs and PCDFs. Values
between ~ 5 and 560 fg/L were found (Matsumura et al., 1994, 1995).

Hashimoto et al. (1995a) reported data on two seawater samples taken in 1990 near
Matsuyama and Misak. Only hepta- and octa-CDDs were detected (0.1-2.5 pg/L) but no
PCDFs.

Drinkng-water samples including home tap-water and well-water collected in 1991 in
Shiga and Osaka Prefectures were analysed for PCDDs/PCDFs. The levels were in the
low ppq (pg/L) or less in aIl samples analysed. The tota daily intake of PCDDs/PCDFs
via drinkng-water was estimated to be only 0.00086-0.015% of that via food (Miyata
et al., 1992, 1993).

(v) New Zealand

A national Organochlorine Programme, including monitoring for PCDDs/PCDFs in
water, was initiated in 1995. Samples were collected from 13 rivers at 16 sites during the
period Januar to March 1996. No PCDDs/PCDFs were detected in any of the 16
composite samples. Limits of detection for the tetra-, penta- and hexa-chlorinated

congeners were typically 1 pg/L or less. The I-TEQs were in the range of 0.25-2.4 pg/L,
with a mean of 0.97 pg/L. The approximate 10-fold range of TEQ values determned for
these samples is a result of varation in the detection limits in the analyses rather than any
inherent differences in the samples. ln calculating TEQs, half the detection limits were
taken for non-detectable congeners (Buckland et al., 1996).

(vi) Russian Federation

Ignatieva et al. (1993) found a level of 8.0 pg/L of total PCDDs in water from the
Angara River, the only river that emerges from Lake BaikaL.

Data on PCDD/PCDF concentrations in varous river water samples were reported by
Khamtov and Maystrenko (1995): Belaja River, 1.7-6.0 pg/L; Ufa River, 0.6-1 pg/L ;
Inzer River, 1.8 pg/L; Zilm River, 0.2 pg/L. ln contrast, drnkng-water from the Ufa
River was reported to be contaminated in 1990 with 0.5-1.0 pgI. (It was not apparent

from the paper whether the values were I-TEQs or total PCDDs/PCDFs).

Smiov et al. (1996) reported values for PCDDs/PCDFs in the Ufa River at totals of
0.13-0.20 ¡.g/L. 'Emergency' situations, where the concentration of PCDDs/PCDFs in
river or tap-water exceeds the 'permssible' level (0.02 ng/L) by 10 to 100 times were
stated to occur on a regular basis.
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Fedorov (1993) reported on levels of PCDDs/PCDFs in varous matrices (soil,
sediments, air and water) near or at sites of sorne Russian chemicaI plants. ln the spring
of 1991, the drinkng-water at Ufa, after cleaning, was found to be contamnated with
0.14 ng/L 1,2,3,6,7,8-HxCDD. Especially high concentrations of 28-167 pg/L 2,3,7,8-
TCDD were measured in April 1992 in samples of Ufa drnkng-water from four
different water sources.

(vii) Spain
Sludge from drinkng-water treatment plants was analysed by Rivera et al. (1995).

Because of the high level of pollution in water from the Llobregat River, a combination
of several treatment processes, inc1uding prechlorination, activated carbon and post-
chlorination, is applied. The sludge from two treatment plants has been reported to be
contaminated at levels of 5.59 and 2.74 ng I-TEQ/kg, respectively.

(viii) Sweden
Rappe et al. (1989b, 1990a) analysed surace and drnkng-water with very low

detection limits. At very low detection limits, most 2,3,7,8-substituted PCDDs and
PCDFs were detected in aIl samples. 2,3,7,8-TCDD was found in most water samples,
but at extremely low levels, between 0.0031 pg/L for river water and 0.0005 pg/L for
drinkng-water. This is at or below the lower level in the United States Environmental
Protection Agency guideline of 0.0013 pg/L for this compound.

(ix) United States

Results of a survey conducted in 1986 for PCDDs/PCDFs and other pollutants in
fini shed water systems throughout New York State were described by Meyer et al.
(1989). The finding of OCDD is unsure, as it has been detected at 1 pg/L in blans.
Except for a trace of OCDF detected in one location, no other PCDDs or PCDFs were
detected in any of 19 other community water systems surveyed.

Storm-water samples were collected from two outfalls that discharge into San
Francisco Bay, CA, and represent sources of run-off from areas with different dominant
land uses. The samples from the outfall located close to Oakand had higher values
(mean, 21 pg I-TEQ/L) than samples from the city of Benicia located at the north of San
Francisco Bay (mean, 3.5 pg 1- TEQ/L) (Paustenbach et al., 1996).

(c) Soi! (see Appendix 1, Table 3)

(i) Australia

ln 1990, surface soil samples from the Melbourne metropolitan area were anaIysed
for PCDDs/PCDFs and other compounds (Sund et aL., 1993). A surface sample from
Werrbee Far treatment complex paddock, where cattle graze on land that is used for
filtration of sewage, contaned the highest concentration (520 ng 1- TEQ/kg). Samples of
other origins contained between 0.09 and 8.2 ng 1- TEQ/kg. Detection limits ranged from
0.08 to 24 ng/kg.

Levels of PCDDs/PCDFs in soil samples from conservation areas following bush
fires have been reported by Buckland et aL. (1994). Samples were collected (2 cm deep)
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six weeks after the fires were extinguished. The total PCDD/PCDF levels in the
unburned conservation area samples were 1.1, 7.2 and 7.7 i-g/kg (3.1, 8.7 and 10.0 ng
1- TEQ/kg). The total PCDD/PCDF levels in the bumt conservation area samples were
1.3, 2.0 and 27.8 i-g/kg (2.2, 3.0 and 36.8 ng I-TEQ/kg). The total PCDDs/PCDFs in the
single Sydney metropolitan area sample was 22.3 i-g/kg (42.6 ng I-TEQ/kg). The results
of this limited survey indicate that bush fires have not had a major impact on the levels of
PCDDs/PCDFs in conservation area soiL.

(ii) Austria

Around a densely populated industrial urban area (Linz), soils from grassland and
forest areas were analysed for PCDDs/PCDFs and PCBs (Weiss et al., 1993, 1994). The
concentrations of PCDDs/PCDFs were higher in soils near chemical and/or steel plants.
The highest PCDD/PCDF concentration in grassland soIl (I-TEQ, 14.4 ng/kg) was
measured near a hospital refuse incineration plant.

Riss et al. (1990) compared PCDD/PCDF levels in soil, grass, cow's milk (see
Section 1.3.2(d)(i)), human blood and spruce needles in an area of PCDD/PCDF conta-
mination though emissions from a metal reclamation plant (Brixlegg, Tyrol). Soil
concentrations were highest near the plant and in the main wind direction, and decreased
in all directions with increasing distance. The highest concentration found corresponds to
420 ng German TEQ/kg. The level of 40 ng/kg TEQ (which has been proposed as an
upper limit for agricultural use) was exceeded in an area reaching 600 m from the plant
in the main wind directions. Milk samples from fars with meadows in the contamnated
area contained TEQ levels of PCDDs/PCDFs ranging from 13.5 to 37.0 ng/kg fat, which
were considerably higher than that of 3.6 ng/kg in the control sample from Kossenfyrol.
About 50% of the TEQ of the contamnated milk was accounted for by 2,3,7,8-TCDD
(normallyabout 10%). Because of the elevated PCDD/PCDF levels in cow's milk, blood
plasma from two farers who dran milk from their own cows was analysed for
PCDDs/PCDFs. One had significantly elevated blood levels (see Table 25).

Determnations of PCDDs and PCDFs in soil samples from rural, urban and industral
sites in Salzburg state (Boos et al., 1992) gave I-TEQ values generally in the low ng/kg
range. Six samples contained PCDDs/PCDFs. Levels exceeding 5 ng German TEQ/kg,
above which limit the cultivation of certain vegetables is restricted, but none exceeded
40 ng TEQ/kg, which would exclude the cultivation of any plants. Including in the calcu-
lation undetected congeners at 50% of the detection limit would lead to seven samples
exceeding the lower limit. The lowest level found was 0.1 ng TEQ/kg.

(ii) Belgium

Topsoil samples were collected at six locations in Flanders, and analysed isomer-
specifically (not in tables reported) for PCDDs/PCDFs (Van Cleuvenbergen et aL., 1993).
Concentrations in the 0-3-cm soil fraction, averaged for each location, ranged froID
2.1 ng/kg at a rural location to 8.9 ng/g (both as I-TEQ) in an industrialized area.
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(iv) Brazil

Krauss et al. (1995) anaIysed PCDDs/PCDFs and PCBs in forest soils from BraziL.
The I-TEQ values found in four areas are presented in Appendix 1 (Table 4). ln the
Amazon basin the PCDD/PCDF concentrations of soil were close to the detection limits.
ln industrial regions around Rio de Janeiro and São Paulo, highly contamInated soils
with 1- TEQ values between 11 and 654 ng/kg were found.

(v) Canada

Soil in the vicinity of a large municipal refuse incInerator was analysed for

PCDDs/PCDFs. Fourteen locations, which included three control sites, were sampled in
1983 (McLaughlin et al., 1989; Pearson et aL., 1990). ln nearly all samples, OCDD was
detected. The measurements were not isomer-specific. As expressed by the authors, the
results showed that PCDDs/PCDFs emitted from the incinerator (Suar, Hamlton) since
1973 had not accumulated in surface soil in the vicinity of the plant (McLaughlin et aL.,
1989). Concentrations of PCDDs/PCDFs in soils near refuse and sewage sludge inci-
nerators and in remote rural and urban locations (no 2,3,7,8-substituted isomers, exclu-
sively OCDD and in sorne cases OCDF) were measured. ln nearly ail cases, total hepta-
CDD and OCDD were most abundant. No evidence of any source-related airborne depo-
sition of PCDDs/PCDFs in the soil around a sewage sludge incinerator in Scarborough
was identified.

ln 97 soil samples analysed for PCDDs/PCDFs, no clear connection between

emission sources and levels of these components in soil or food was found by
Birmngham (1990). Levels, patterns and quantities of I-TEQ in soils from varous
sources were analysed. The mean and standard deviation for I-TEQ, expressed in ng/kg,
were: rural soils (n = 30), 0.4 :t 0.6; urban soils (n = 47), 11.3 :t 21.8; industrial soils (n =
20), 40.~:t 33.1. Using the worst-case scenario, an infant consuming urban soil
containing the mean plus three standard deviations (77 ng I-TEQ/kg) would ingest less
than one tenth of the tolerable daily intake (see Section 1.5).

ln 1989, soils were sampled in areas of cleared forest in New Brunswick, where
2,4-D/2,4,5-T herbicide was applied in one or more application at 3-10 Ibs/acre (3.3-
11 kg/ha) between 1956 and 1965. Residues of 2,3,7,8-TCDD were detected at up to
20 ng/g in the upper 5 cm of soiL. Residues were also found at greater depths at lower
concentrations at one test site. 2,3,7,8-TCDF was not found in soil samples from sprayed
or unsprayed areas (Hallett & Kornelsen, 1992).

(vi) China

Wu et al. (1995) published results for two soil samples, originating from the Ya-Er
lake area where chemicaI plants which produce chlorine compounds have discharged
much waste water into the sea. The two samples contaied hexachlorobenzene at levels
of 35 and 38 mg/g, respectively, but only very low levels of PCDDs/PCDFs. Sediment
samples originating from the same area contained maximallevels of 136.6 J.g OCDD/kg
and 797 ng I-TEQ/kg.
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(vii) Czech Republic
2,3,7,8-TCDD contamination was measured in more than 100 soil samples (0-20 cm

depth) from a factory that produced mainly sodium 2,4,5-trichlorophenoxyacetate,
sodium pentachlorophenolate, PCP and TCP, staring in 1965 (Zemek & Kocan, 1991).
2,3,7,8-TCDD levels ranged from undetectable to 29.8 Jlglg. Samples from residential
and agricultural areas in Neratovice showed levels between undetectable and 100 nglkg.
Soil samples collected at a distance of 50-80 m from the plant contained levels between
undetectable and 60 ng/kg 2,3,7,8-TCDD.

(viii) F inland

Soils at sites where wood preservatives had been used (Sandell & Tuominen, 1993)
contained high levels of PCDDs/PCDFs. The dominant congeners were 1,2,3,6,7,8-
HxCDD, 1,2,3,4,6,7,8-HpCDD, OCDD, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF,
2,3,4,6,7,8-HxCDF, 1,2,3,4,6,7,8-HpCDF and OCDF. ln the surface layers (0-20 cm),
1 - TEQ values ranging from 1.7-85 Jlg/kg were found.

Assmuth and Variainen (1995) reported on further soil samples from sites where
wood preservatives like 2,3,4,6-tetrachlorophenol, PCP and 2,4,6- TCP have been used.
High concentrations (maximum value, 90 Jlg I-TEQ/kg; mean, 19 Jlg I-TEQ/kg) were
found. PCDDs/PCDFs were distributed heterogeneously between soil layers, the concen-
trations in topsoil samples being generally lower. Concentrations of PCDDs/PCDFs were
unrelated to the chlorophenol contents in the soil samples. Hexa-, hepta- and octa-CDFs
were the dominant congeners in concentration.

(ix) Germany

ln soils contaminated with motor oils and re-refined oils, Rotard et aL. (1987) found
PCDDs at Jlg/kg levels. No PCDFs were detected.

An analytical programme to detect contaminants in soil samples at the site of a
herbicide plant in Hamburg that closed in 1984 was presented by Schlesing (1989) and
Jürgens and Roth (1989). ln total, 2652 soil samples deriving from 196 borings were
investigated. The highest value reported (presumably a production residue stored on site)
reached at a depth of 2 m was 0.7 mg 2,3,7,8-TCDD/kg. Even at depths of 7 and 9 m,
values for 2,3,7,8-TCDD of 391 and 41.8 Jlg/kg, respectively, were found.

The fate of polychlorinated aromatics was studied in the vicinity of a former copper
smelter (Rastatt) and a former cable pyrolysis plant (Maulach) that both c10sed in 1986.
Contamination with PCDDs/PCDFs from stack emIssions in samples taen within a
radius of 100 m from the source at 0-30 cm in depth reached 29 Jlg I-TEQ/kg soil

(Hagenmaier et al., 1992; She & Hagenmaier, 1996). Comparng homologue and isomer
concentrations of samples collected in 1981, 1987 and 1989 (same sites, same depths,
same samplIng method), no significant difference in either homologue pattern or isomer
pattern could be detected. Vertical migration of PCDDs/PCDFs in highly contamnated
soil is very slow and more than 90% of the compounds were found in the top 10 cm thee
years afer the sources of emission were closed. Within the lImIts of analytical accuracy
(:1 20%), there was no indication of appreciable 10ss of PCDDs/PCDFs by vertical
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migration, evaporation or decomposition over a period of eight years, which underlines
the persistence of these compounds in the soi!.

The distribution of PCDDs/PCDFs in soil around a hazardous waste incinerator at
Schwabach was analysed by Deister and Pommer (1991). The highest values were 20.7
and 4.4 ng German TEQ/kg (350 m from the chimney) at depths of 0-2 cm and 0-30 cm,
respecti vel y.

Unger and Prinz (1991) found that levels of PCDD/PCDF contamination of soils
decreased with increasing distance from a road. The highest values were 23-44.8 ng
1- TEQ/kg between 0.1 and 1 m from the road. The number of cars per day on a certain
road influenced the PCDD/PCDF levels found.

The finding of PCDDs and especially PCDFs in surface gravel of playgrounds and
sports fields (Kieselrot) is described in Section 1.3.2(c) of the monograph on PCDFs in
this volume (see also Table 25 in this monograph).

Concurrence of farers' and municipal interests has led to the widespread use of
sewage sludge fertilzation in West Germany. ln 1988, 608 thousand tonnes (dry weight)
of sewage sludge, 25% of the total German production, was spread on 360 000 hectares
of farand (McLachlan & Hutzinger, 1990). A survey of 43 samples from 28 German

waste-water treatment plants found PCDD/PCDF concentrations between 28 and
1560 ng German TEQ/kg dry weight (Hagenmaier et al., 1985). This compares with the
German recommendation for unlimited agricultural use of soil of 5 ng TEQ/kg.

McLachlan and Reissinger (1990) analysed soil samples from north-eastem Bavara with
different sludge fertilzation histories. The relationship observed between the length of
sewage sludge use and PCDD/PCDF concentrations showed c1early that PCDDs/PCDFs
accumulate in the soi!. The TEQ level was 4.5 times higher in soil that had been
fertilized for the previous 10 years than in soil that had had no sludge fertilization. It was
11 times higher in field soil and 18 times higher in meadow soil that had been fertilzed
for 30 years. The homologue pattern of the fertilized soils lay between that of unfertilzed
soil and that of the sludge. Similar results on the influence of sewage sludge on
PCDD/PCDF levels in soil have been found by Hembrock-Heger (1990) and Albrecht
et aL. (1993).

On the other hand, as observed also in air and food, PCDD/PCDF levels in sewage
sludge are generally dec1ining. Ilc et aL. (1994) found mean 1- TEQ values in sewage
sludge of 39 ng/kg (dry matter) in 1991 and 28 ng/kg (dry matter) in 1992.

Fürst et aL. (1993) studied PCDDs/PCDFs in cow's milk in relation to their levels in
grass and soi!. The contamination levels in soil did not infuence the PCDD/PCDF levels
in cow's milk, as had been suspected. Even soil levels of up to 30 ng I-TEQ/kg were not
associated with elevated PCDD/PCDF levels in cow' s milk. However, increasing levels
in grass were associated with slightly higher levels in milk.

Levels of PCDDs/PCDFs in soil and atmospheric deposition in an agrcultural area in
the south-east of Hamburg, adjacent to an industral area, were measured (Sievers et aL.,
1993). Soil samples were collected at 62 sites at a maximum depth of 15 cm. The
PCDD/PCDF contents ranged from 1.7 to 684 ng I-TEQ/kg with a median of 18 ng/kg.
Elevated soil levels were observed in the vicinity of a former chemical plant (up to
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159 ng 1- TEQ/kg) and along the banks of tributares of the River Elbe (up to 684 ng 1-

TEQ/kg), where until the 1950s the land was regularly flooded during winter time.

Rotard et al. (1994) examined background levels of PCDDs/PCDFs in soils in
Germany at sites outside industrial and urban regions. Elevated levels were found in the
topsoil layers of forest. PCDD/PCDF levels found in ploughland and grassland samples
were considerably lower, with means of 2 ng I-TEQ/kg. The isomer profiles for air and
forest soil samples showed striking coincidence.

Little is known about PCDD/PCDF contamination of soils in the former German
Democratic Republic. Kujawa et al. (1995) analysed 49 soIl samples of rural origin. Only
total 1- TEQ levels of PCDDs/PCDFs were reported. The authors compared data for
samples originating from the western and eastern pars of Germany (see Appendix 1,
Table 5).

(x) Italy

Following the Seveso accident in 1976, soil levels of 2,3,7,8-TCDD were determned
in the Zones A, B and R established around the ICMESA plant (see Section 1.3.1(b)).
Since 2,3,7,8-TCDD concentrations detected in Zone A ranged over more than four
orders of magnitude (from -c 0.75 Jlg/m2 to ~ 20 mg/m2), the zone was broken down into
subzones Ai-Ag, each characterized by a somewhat lower range of 2,3,7,8- TCDD levels
(di Domenico & Zapponi, 1986). Mean concentrations of 2,3,7,8-TCDD in the soil in
September 1976 in Zones Ai-Ag were 1600, 2500, 130, 260, 120, 91, 12 and -c 5 Jlg/m2,
respectively. The mean concentrations in Zones Band R in 1976-77 were 3.4 and
-0.5 ¡.g/m2, respectively. Tolerable limits for land (soil), housing interiors, equipment
and other matrices and items were set by regional law. The risk areas - namely Zones
A, Band R - were defined by takng into account the 2,3,7,8-TCDD levels detected
predominantly in the 7-cm topsoil layer, and therefore the 'surface density' unit Jlg/m2
was extensively used, the unit surface being defined as a 1-m square with a 7-cm
thickness. 2,3,7,8- TCDD surface densities were converted to the more common nglkg
concentration units by multiplying by an average factor of 8. The following limits were
obtained for the different risk areas and matrices (Bertzi & di Domenico, 1994):
farable land, -c 0.75 Jlg/m2 (-c 6 ng/kg); non-farable land, ~ 5 Jlg/m2 (:S 40 ng/kg);

limit of evacuation, ~ 50 Jlg/m2 (~ 400 ng/kg); and, for comparson, outdoor surfaces of
buildings, :s 0.75 ¡.g/m2; indoor surfaces of buildings, :s 0.01 ¡.g/m2.

di Domenico et aL. (1993a) reported on the occurrence ofPCDDs/PCDFs and PCBs in
the general environment in Italy. Sampling was cared out in five regions, at or slightly
above sea level (n = 10), at an altitude of 800-1300 m (n = 11) and in caves normally not
visited by the general public (n = 6). All sampling sites were far from an urban or
industrial setting, at least 5 km from towns or vilages, and the soil was collected from
top to 7-cm depth. PCDD/PCDF levels were between 0.10 and 4.3 ng I-TEQ/kg in open
areas and between 0.057 and 0.12 ng I-TEQ/kg in samples from caves.
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(xi) Japan

Very few data have been reported on Japanese soils. Nakamura et al. (1994) found
PCDD/PCDF levels in soils of 271 and 49.6 ng I-TEQ/kg (two agricultural fields) and
42.4 ng 1- TEQ/kg (urban field).

(xii) Jordan
Alawi et al. (1996a) described the concentration of PCDDs/PCDFs in the Jordanian

environment in a preliminary study on a municipal landfill site with open combustion
near Amman. Six samples were collected from locations distributed over the area of the
landfill. The concentrations measured in soil samples ranged from 8.2 to 1470 ng
German TEQ/kg dry weight.

(xiii) The Netherlands
van Wijnen et al. (1992) measured PCDD/PCDF levels in 20 soil samples collected

from areas in the vicinity of Amsterdam where it was known that small-scale (ilegal)
incineration of scrap wire and scrap cars might have resulted in contamination with
PCDDs/PCDFs. At certain spots, the ilegal incineration resulted in strongly increased
soil levels of PCDDs/PCDFs, ranging between 60 and 98 000 ng I-TEQ/kg dr matter.
Nine samples had PCDD/PCDF levels (far) above the so-called 'level of concem' of
1000 ng/kg dry matter proposed by Kimbrough et aL. (1984) for soil contamnation with
2,3,7,8-TCDD in Times Beach, Missouri (USA).

At the V olgermeerpolder hazardous waste site, 10 years after all dumping activities
ceased, the concentrations of the most toxic PCDD/PCDF congeners in topsoil and eel
determned in 1994 fell within the same range as was found in 1981-84, indicating that
the contamination circumstances had remained basically unaltered (Heida et al., 1995).

(xiv) Russian Federation
Soil samples taken near plants where products such as chlorophenol, Tep and 2,4-D

had been produced had 2,3,7,8-TCDD levels in the range of 900-40000 ng/kg

(Pervunina et aL., 1992).
Sorne information on ecological problems in Russia caused by PCDD/PCDF emis-

sions from other chemical industr facilities is available (Fedorov, 1993). ln 1990, at a
chemical fertilzer plant in Chapaevsk, the soil near the section for PCP production
contained 18.7 l.g 2,3,7,8-TCDD/kg. It should be noted that the major PCDD/PCDF iso-
mers formed in PCP production are OCDD, OCDF and HpCDDs. Soil originating from
Chapaevsk farng areas (1991-92) contained between 0.2 and 68 ng 2,3,7,8-TCDD/kg.
ln Ufa, close to a TCP production plant, values of between 8000 and 40 000 ng 2,3,7,8-
TCDD/kg have been reported.

ln the Bashkortostan Republic, the main sources of environmental contamination with
PCDDs/PCDFs are chemical plants in Ufa and Sterlitamak, which have manufactured
organochlorine products including the pesticides 2,4,5-T and 2,4-D for more than 40
years. Soil samples taken in urban areas of Ufa and Sterlitamak, had PCDD/PCDF con-
centrations of 1-20 ng I-TEQ/kg, which did not exceed the norms for Russia. High
concentrations of PCDDs/PCDFs were detected in industral zones not far from chemical
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and oil/chemical plants of Ufa, ranging between 280 and 980 ng 1- TEQ/kg. ln the
majority of far regions, PCDD/PCDF content in soil was reported to be between 0.01
and 0.13 ng I-TEQ/kg and did not exceed the perrssible level of 10 ng/kg (Khamtov &
Maystrenko, 1995). (It was not apparent from the paper whether the values reported were
1- TEQs or total PCDD/PCDFs.)

(xv) Spain

Near a clinical waste incinerator in Madrid, PCDD/PCDF levels in soil samples
(0-5 cm) from 16 sites indicated slight contamnation by these pollutants (Gonzáles
et al., 1994; Jiménez et aL., 1996a). The highest levels were found at points located
between 400 and 1200 m from the incinerator but there was no relation between PCDD/-
PCDF levels and the prevailing wind direction. The analytical data for PCDDs/PCDFs
and the distribution of the PCDD/PCDF homologues and the 2,3,7,8-substituted con-
geners failed to reveal whether this plant was the only source responsible for the soil
contamination detected.

Schuhmacher et al. (1996) analysed soil samples in the vicinity of a municipal solid-
waste incinerator in Taragona. The highest PCDD/PCDF level (0.84 ng 1- TEQ/kg) was
found at a distance of 750 m from the incinerator.

(xvi) Sweden
PCDDs/PCDFs in soil and digested sewage sludge from Stockholm were analysed

(Broman et al., 1990). The contrbution of PCDDs/PCDFs from sewage sludge to the
total soillevel was compared with the contrbution frOID two non-point emIssion sources,
Le., road traffic and the urban area of the city of Stockholm. The data reported (based on
the Nordic TEF model) are not based on dr matter but on organic weight, makng it
difficult to compare the data obtained with other published data. The mean concentration
in four sludge samples was 79 ng TEQ/kg organic weight. Soil samples taken close to
major roads vared between 13 and 49 ng TEQ/kg organc weight and soil samples which
were not taken close to major roads vared between 9 and 32 ng TEQ/kg organic weight.
The results indicate that both traffic and the urban area influence PCDD/PCDF concen-
trations in arable soiL. Fertilzation with sludge (1 tonne dr weightlectare and year)
raised the initial soil concentration of PCDDs/PCDFs in the fields by approximately
2-3%.

(xvii) Switzerland

Soil samples were collected at 33 sites in the northern par of Switzerland

(Rheinfelden to Wallbach) (Gäll et al., 1992). Concentrations of PCDDs/PCDFs in the
topsoil ranged from 0.7 to 26.8 ng German TEQ/kg. Eighty per cent of the samples had
concentrations -c 5 ng TEQ/kg, slightly above the background level of,. 1 ng TEQ/kg in
rural areas.

(xviü) Taiwan

Since 1966, waste electrc wires and/or magnetic cards have been incinerated directly
on site during reclamation of metals, especially copper, silver and gold, in Taiwan.
Surface soil samples from six sites at which these open inciÌierations took place were
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analysed for PCDDs/PCDFs (Huang et aL., 1992). AlI samples were contamnated, with
total PCDD levels ranging from undetectable to 540 ng/kg and total PCDF levels of 1.8-
310 ng/kg. Only the samples from the incineration sites with waste electric wire were
heavily polluted.

Soong and Ling (1996) found exceptionally high PCDD/PCDF levels in soil samples
collected from a PCP manufacturing facilty located in the southem par of Taiwan
(maximum, 1357 /.g 1- TEQ/kg) five years after operation had ceased.

(xix) United Kingdom
PCDD/PCDF levels in archived soil samples collected from the same semi-rural plot

in south-east England between 1846 and the present were determned by Kjeller et al.
(1990, 1991). Atmospheric deposition is known to have been the only source of
PCDDs/PCDFs to the site. PCDDs/PCDFs were present in aIl the samples. GeneraIly, the
total PCDD/PCDF concentration began to increase in the early twentieth century from
about 30 ng/kg in the 1850s to the 1890s to about 90 ng/kg in the 1980s.

A comprehensive study of British soils to measure the background contamination
with PCDDs/PCDFs was performed by Creaser et aL. (1989), who analysed 77 topsoil
samples (0-5 cm) from points of a 50 km grid covering England, Wales and Scotland.

Mean concentrations for a reduced data-set were in the range of 9.4 ng/kg for total
TCDDs to 191 ng/kg for OCDD.

ln a further study by Creaser et al. (1990), soil samples from five British cIties
(London, Birmngham, Leeds, Sheffield and Port Talbot) were analysed for PCDDs/-
PCDFs. The mean levels were significantly higher than those from rural and semi-urban
locations. The concentrations of the lower PCDD and PCDF congener groups show the
greatest increase. By principal component analysis, it was deduced that combustion
processes, such as coal burnng and municipal waste incineration, are the main sources of
PCDDs/PCDFs in these soils.

Stenhouse and Badsha (1990) presented baseline concentrations for PCDDs/PCDFs
and PCBs around a site proposed for a chemical waste incinerator near Doncaster. The
values were between 3 and 20 ng I-TEQ/kg, indicating that the area had relatively low
contamination with these components and may be comparable with a rural environment.

Biomass buming is known to constitute a highly dispersed source of PCDDs/PCDFs
(Levine, 1992). Walsh et al. (1994) monitored soils before and after straw field rires and
assessed the degree and nature of formation/destruction and transformation processes

occurrng during biomass burning. PCDD/PCDF concentrations of post-bum soils
showed a slight relative reduction with respect to the corresponding pre-burn soils at
three burnings. Ths reduction may be attrbuted to the high temperature achieved durng
the burn, leading to vaporization and destrction of PCDDs/PCDFs in the surface layer
of soi!. The overall 1- TEQ for PCDDs/PCDFs decreased afer the straw rire, with a
decrease in concentration of 2,3,7,8- TCDD and an increase in that of OCDD.

Foxall and Lovett (1994) analysed soil samples from South Wales, Pantec distrct,
where the major industres used to be coal mining, iron and steel production, aluminium
smelting and glass manufacturing. Current industries involve steel rollng, automotive



86 IARC MONOGRAPHS VOLUME 69

engineering, pharaceuticals and others. Forty-two samples from 32 sites were analysed

by eight national or international laboratories. The total PCDD/PCDF levels show consi-
derable varation between sampling sites, with a mean of 66 ng I-TEQ/kg and a median
of 10.5 ng I-TEQ/kg (range, 2.5-1745 ng I-TEQ/kg). The maximal concentration in soil
was found at a site near a chemical water incinerator.

PCDD/PCDF contamination on land around a chemical waste incinerator has been
described (Holmes et al., 1995; Sandalls et aL., 1996). After 1991 during a routine
surveilance, high PCDD/PCDF concentrations were detected in the milk of cows
grazing within 2 km of a chemical factory in Bolsover, Derbyshire, which had produced
2,4,5- TCP. As a follow-up, PCDDs/PCDFs were measured in soil samples taken up to
5 km from the factory. The samples were taken from 46 sites where the soil had
remained undisturbed for many years. As in flue gas at the incinerator, total TCDD was
always found to be prominent in soil and was selected as a marker for assessment

purposes. Within 1 km of the factory, the concentration of total TCDDs in soil was up to
9400 ng/kg, and even 4-5 km away several hundred ng/kg were found. The authors
concluded that the special distribution pattern of PCDDs on surrounding land implicated
the chemical factory as the likely source since the soil samples showed a congener ratio
pattern not resembling that found in a United Kingdom background survey.

(xx) United States

ln 1971, 29 kg of 2,3,7,8-TCDD-contamnated chemical sludge were mixed with

waste oils and used as a dust suppressant at sites in 10 counties of Missouri. Kimbrough
et aL. (1977) described an epidemiological and laboratory investigation of a poisoning
outbreak that involved three riding arenas and killed 57 horses and numerous other
animaIs. The outbreak was traced to the spraying of the arenas with the contamnated oil
containing TCP, PCBs and hexachloroxanthene. The 2,3,7,8-TCDD levels in the soil
samples ranged up to 33 mg/kg. The presence of hexachloroxanthene in most of the
contaminated sites, although at levels varing considerably from site to site and also
withn sites, implicates a hexachlorophene producer as the source (Kleopfer et aL., 1985).

Nestrick et aL. (1986) measured levels of 2,3,7,8-TCDD in samples taken at varous
sites at a major chemical plant in Midland, MI, in the city of Midland and in other
industralized areas in the United States. Within the chemical plant, certain areas had
localized elevated levels (above 5 /lg/kg) 2,3,7,8-TCDD in the surface soil (Appendix 1,
Table 6). ln the zone immediately surrounding the Midland plant, most 2,3,7,8-TCDD
soil levels were below 1000 ng/kg, but many times higher than those found in other
industrialized urban areas, suggesting that the chemical plant was a primar source of
2,3,7,8-TCDD found in the immediate environment. The data for other US cities are
summarzed in Appendix 1 (Table 7).

Reed et al. (1990) measured PCDD/PCDF levels at Elk River, Minnesota, before ope-
ration of an electrc generating station by powered refuse-derived fueL. The area was
semi-rural without industry. The soil data reflect generally low background concen-
trations of PCDDs/PCDFs, with surprisingly high values for OCDD (ranging from 340 to
3300 ng/kg).
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Concentrations of PCDDs/PCDFs in 36 soil samples from eight counties in southem
Mississippi were reported by Rappe et aL. (1995) and Fiedler et al. (1995). The selected
sampling sites were not directly influenced by human activities, such as heavy traffic or
dust. Controlled burning is a common practice in southem Mississippi, and potential sites
were not excluded when traces of former fires could be seen. The sampling depth was
5 cm. Most Cl4-Clg PCDDs/PCDFs were detected in all samples. 2,3,7,8-TCDD was
identified in i 7 of the 36 samples at a detection limit of 0.02-0.05 ng/kg dry weight. The
highest concentration was 22.6 ng I-TEQ/kg in a sample from Perr County. ln some
cases, surprisingly high values for OCDD were found (13-15 J.g/kg) (see Appendix 1,
Table 8). The source of these high levels is not known but the authors suggested a non-
anthropogenic origin.

The Columbus Municipal Waste-to-Energy facility in Columbus, OH, began ope-
ration in 1983. ln 1992 it was reported to be the largest known single source of PCDD/-
PCDF emissions. Emission was reduced from 984 g I-TEQ/year in 1992 to 267 g/year iD
1994. Soil was monitored for PCDDs/PCDFs at the plant site, directly off-site in the
predominant wind direction (four samples), at 14 sites in the city of Columbus and
28 miles away from Columbus in a rural setting (Lorber et aL., 1996b). The high
PCDD/PCDF levels in the four samples taken close to the facilty (average, 356 ng
1- TEQ/kg) suggest direct soil contamination due to the operation of the plant (stack
emission and/or on site ash handling). The congener profile seen in the stack emission
was very similar to those observed in the soil samples taken at the plant. The background
soil concentrations of 1-2 ng I-TEQ/kg are consistent with other measurements in North
America and elsewhere.

(xxi) Viet Nam
During the Second Indo-China War, the south of Viet Nam was sprayed with

herbicides contamnated with 2,3,7,8-TCDD (see Section 1.3. 
1 (a)(ii)). Matsuda et aL.

(1994) measured the persisting levels of 2,3,7,8-TCDD in soils. To assess background
concentration in soil, five samples were collected in Hanoi, where the herbicides had not
been sprayed and no 2,3,7,8-TCDD has been found. Contrar to expectation, 2,3,7,8-
TCDD was detected in only 20 out of 106 south Vietnamese samples analysed. The
levels of 2,3,7,8-TCDD detected in 14/54 samples from Tay Ninh Province, South
Viet Nam, ranged between 1.2 and 38.5 ng/kg dr weight (mean, 14.0 ng/kg). The results
suggest that most of the sprayed material has been leached and ultimately drained
towards the sea and/or to the soil subsudace during the rainy season.

(d) Food

It is estimated that intake from food consumption accounts for well over 90% of the
body-burden of PCDDs and PCDFs in the general human population (Gilman et al.,
1991; Travis & Hattemer-Frey, 1991).

Over the last decade a number of studies of foods have appeared, but several are of
only limited usefulness because of low sensitivity. The results from Canadian studies of
meat collected in 1980 were published by Ryan et aL. (1985a), but the lower chlorinated
congeners were not detected. Firestone et aL. (1986) published the results of analyses for
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the higher chlorinated PCDDs in varous foods collected in the United States by the Food
and Drug Administration in a five-year period beginnng in 1979; lower chlorinated
PCDDs including 2,3,7,8-TCDD were not determned. Stanley and Bauer (1989)
analysed composites of selected foods collected from San Francisco and Los Angeles,
CA, including salt-water fish, freshwater fish, beef chicken, pork, cow's milk and eggs.
The analytical methods and quality control were rigorous but the limits of detection were
somewhat higher than those obtained in some other recent studies and few measurable
residues were found. Birngham et aL. (1989) analysed samples of beef, pork, chicken,
eggs, milk, apples, peaches, potatoes, tomatoes and wheat from Ontaro (Canada). Some
samples were found to contain detectable concentrations of the higher chlorinated
congeners but no C14 or CL5 PCDDs or PCDFs were detected. The data from this study are

available only on a whole sample rather than a lipid-adjusted basis.

Studies by Beek et aL. (1987, 1989a) of foods available in Berlin, Germany, were
based on analysis of 12 random purchases of foods (chicken, eggs, butter, pork, red fish,
cod, herrng, vegetable oil, cauliflower, lettuce, cherres and apples) and of eight samples
of cow' s milk. The analysis used high-resolution mass spectrometr and achieved very
high sensitivity, so that most of the congeners with a 2,3,7,8-substitution pattern were
detected in most of the samples. Fürst et al. (1990) concentrated on fatty foods and foods
of animal origin in a study involving over 100 individual samples from the North-Rhine
Westphalia area of Germany, but with slightly lower sensitivity. Fürst et aL. (1992a) sub-
sequently reported furter analysis of milk and dair products which made use of more
sensitive high-resolution mass spectrometr, but detailed congener-specific results were
not published.

A comprehensive assessment of Dutch foodstuffs was reported by Liem et al.
(1991a,b). The sampling scheme was designed after considering the individual consump-
tion data of approximately 6000 individuals from 2200 famlies over a two-day period.
Animal fat and liver from six different types of anmal were collected from slaughter
houses, and cereal products, cow' s milk, dai products, meat products, nuts, eggs, fish

and game from retail sources. ln each of these groups, duplicate collection of samples
was cared out in each of four Dutch regions and proportonal pooling was performed to
provide a pair of duplicate samples for each group and region, and one national compo-
site sample from the four regional pools. Analysis was by high-resolution mass spectro-
metry and achieved high sensitivity. Liem at al. (1991c) also reported the analysis of 200
samples of cow' s milk obtained from the vicinity of municipal solid-waste incinerators
and other potential PCDD/PCDF sources in the Netherlands.

Results are avaIlable from a study of composite samples from the UK Total Diet
Study (TDS) (Ministr of Agrcultue, Fisheries and Food, 1995; Wright & Starin, 1995;

Weare et al., 1996; see Table 23). ln this scheme, retal samples of 115 specified food
items are purchased at two-week intervals from different locations in the United
Kingdom, prepared as for consumption, then combined into one of 20 food groups in
proportions representing the relative importce of the retal foods in the average British
diet. Concentrations of PCDDs and PCDFs were determed in archived TDS samples of
fatty foods and bread collected in 1982 and 1992. For each food group, the material
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analysed was a composite of samples from all 24 locations included in the TDS that year.
Fruit, vegetables and other non-fatty foods were not analysed. The determnations used
high-resolution mass spectrometry and met appropriate acceptance criteria (Ambidge
et al., 1990).

Table 23. Concentrations of PCDDs/PCDFs
(ng I-TEQ/kg whole food) in Total Diet
Study samples collected In 1982 and 1992 in
the United Kingdom

Food group PCDDs/PCDFs (ng 1- TEQ/kg)

1982 1992

Bread
Other cereals
Carcass meat
Offal
Meat products
Poultry
Fish
Oils and fats
Eggs
Mill
Mill products

0.02
0.13
0.49
1.6

0.32
0.50
0.41
1.3

0.92
0.16
1.2

0.03
0.17
0.13
0.59
0.08
0.13
0.21

0.20
0.17
0.06
0.16

From Weare et al. (1996)

Several studies of food items from Viet Nam, Russian Federation and the United
States have been reported by Schecter et al. (1989a, 1990a, 1994a), who worked with
varous analytical laboratories of good repute. Most of the data relate to individual
samples. ln the study of food in the United States, 18 samples of dai products, meat
and fish from a supermarket in upstate New York were analysed (Schecter et al., 1994a).
A more recent study (Schecter et aL., 1996a) of 100 food items combined by type has not
been fully reported, but led to estimates of intake close to those of the earlier study. A
more comprehensive investigation of concentrations in beef in the United States has been
reported by Ferraro et al. (1996).

Several studies have been conducted of foods in the Japanese diet, but sorne doubt
must be attached to the results. Ono et al. (1987) reported the analysis of vegetables,
cooking oils, cereals, fish, pork, beef, poultr and eggs collected in Matsuyame in 1986.
ln contrast to other studies, the dominant congeners in the fish and anmal samples were
generally not those with 2,3,7,8-substitution, suggesting that the results do not reflect
biologically incurred residues but sorne other form of contaation. OCDD (which is
normally the congener of highest concentration) was not consistently found and it is
possible that the alaline saponification procedure used for some samples resulted in
dechlorination of OCDD and distorton of the congener prafile. Oiler studies by



90 IAC MONOGRAHS VOLUME 69

Takzawa and Muto (1987) and by Ogak et al. (1987) also employed alkaline saponi-
fication and the reports do not include congener-specific results.

Relevant data are summarzed in Appendix 1 (Tables 9-18). The data included have
been selected to meet a number of criteria, including relevance to dietar intake rather
than environmental monitoring, and adequate detection limits and appropriate analytical
methodology. Sorne exceptions have, however, been made and sorne data that are
available only as summed 1- TEQs have been included where they seem to be of value.
Additionally, the results included were either available on a lipid basis or could be so
converted using either reported fat contents or reasonable assumptions. Some additional
results omitted from the tables are discussed below. All concentrations quoted are lipid-
adjusted unless otherwise stated.

Most of the summed I-TEQ concentrations included in the tables have been re-
ca1culated using 1- TEF values and assuming that congeners that were not detected were
present at the full value of the detection limit. Obviously, however, thIs was not possible
where detection limits were not reported (indicated as 'ND') or where the original
author' s calculations were used.

(i) Background exposure

Vegetables

Studies on uptake from soil, which have been reviewed (Kew et al., 1989), are not
entirely consistent but it is generally accepted that systemic uptae through the roots and
translocation within plants is virtally absent in most species. Sorne members of the
Cucurbitaceae family, however, have been shown to take up PCDDs and PCDFs from
soil, leading to a uniform concentration of about 20 ng I-TEQ/kg dr mass in the above-
ground pars of plants grown in soil containing 148 ng I-TEQ/kg (Hülster et al., 1994).

Apar from localized contamnation, PCDD and PCDF concentrations in fruit and
vegetables have usually been found to be immeasurably small. ln the survey of food-
stuffs available in West Berlin (Beek et aL., 1989a), five vegetable samples were
analysed (including cauliflower, lettce, cherres and apples) and PCDDs and PCDFs
were not found, subject to a detection limit of 0.01 ng/kg for each isomer. Similarly
PCDDs and PCDFs were not detected to any significant extent in vegetable samples from
the Total Diet Survey schemes in the United KIngdom (Ministr of Agrculture, Fisheries
and Food, 1992) or in Canada (Birngham et al., 1989).

A number of studies have dealt with vegetable oils. Beck et aL. (1989a), Fürst et al.
(1990) and Liem et al. (1991a,b) have all reported that the concentrations of PCDDs and
PCDFs were below the limit of detection, apar from sorne low levels of the hepta- and
octa-chlorinated congeners.

Cow' s milk

The detection of PCDDs and PCDFs in cow' s mi was first reported by Rappe et al.
(1987b) in samples from Switzerland. ln retal milk froID Bern and Bowil (a location
remote from potential PCDD sources), several PCDDs were identified although concen-
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trations were close to the detection limit. The congeners found were exclusively 2,3,7,8-
substituted.

Data from this and subsequent reports on levels of PCDDs in milk are given in
Appendix 1 (Table 9; summarzed in Table 10).

Data on levels in cow's milk from varous locations are dominated by European

samples from the late 1980s and early 1990s. The data show a mean concentration of
2.3 ng I-TEQ/kg with a range of 0.26-10.0 ng I-TEQlkg. Concentrations of 2,3,7,8-
TCDD, 1,2,3,7,8-PeCDD and 1,2,3,4,7,8-HxCDD are all within a range of 0.13-2.3 with
means of about 0.6-0.7 nglkg. Levels of 1,2,3,6,7,8-HxCDD are somewhat greater, with
a mean of 2.0 nglkg and range of 0.3-8.9 nglkg. (The concentration of 1,2,3,7,8,9-
HxCDD found in Spanish milk (Ramos et aL., 1996) is dubious; the other results give a
mean of 0.58 nglkg.) Measured concentrations of HpCDD and OCDD are frequently
unreliable due to the confounding infuence of laboratory contamnation and other
analytical difficulties, but are greater than those of the C14-C16 congeners.

The data of Fürst et aL. (1993) (see Section 1.3.2(c)(ix)) imply that the pathway ai ~
grass ~ cow is more important than the pathway soil ~ grass ~ cow. The car-over
factors for PCDD/PCDF congeners between grass and milk differ significantly. Whle
2,3,7,8-TCDD showed the highest car-over factor, OCDD was accumulated less by a
factor of almost 40.

ln addition to the tabulated data, Stanley and Bauer (1989) reported the analysis of
eight composite samples from the United States, but most PCDDs and PCDFs were Dot
detected and the detection limits were slightly higher than typical background concen-
trations found in other studies. LaFeur et al. (1990) reported 0.002 ng 2,3,7,8-TCDD/kg
in milk used in a study of migration of PCDDs from milk carons, but did not analyse
higher congeners. Glidden et al. (1990) have also reported that these congeners were not
detectable in milk that had not been packaged in paperboard carons.

Dairy products

Reported concentrations of PCDDs and PCDFs in dai products are given in
Appendix 1 (Table 11) and Appendix 2 (Table 4) and, as expected, are similar to those iD
milk when expressed on a fat basis. ln milk products, the mean summed I-TEQ concen-
tration for PCDDs together with PCDFs (calculated assuming non-detected congeners to
be present at the full value of the detection limit) is about 2.4 ng 1- TEQ/kg (range, 0.8 to
8 ng I-TEQ/kg fat). (The Working Group noted that this is a conservative estimate; the
true concentrations may be lower in some cases but most of the studies considered
achieved excellent sensitivity, and other assumptions would lead to faily small changes
in the mean.) As with milk, data frOID UK Total Diet Surey samples show a consi-
derable decrease from 1982 to 1992 (Wright & Starin, 1995; Weare et al., 1996).

Meat

Reported data for varous meats and meat products, shown in Appendix 1 (Table 12;
summarzed in Table 13), indicate a mean concentration of 2,3,7,8-TCDD whIch is also
about 0.5 nglkg fat, but with a range of about two orders of magnitude. Concentrations of



92 IARC MONOGRAHS VOLUME 69

the other congeners tend to be a little higher than in milk - between 1.5 and 5 ng/kg for
PeCDD and HxCDD isomers, 62 ng/kg for HpCDDs and 350 ng/kg for OCDD. Ranges
are again rather large and are widest for OCDD (a factor of 250). ln TEQ terms, the
average concentration is about 6.5 ng 1- TEQ/kg.

Beek et al. (1989a) found concentrations in the range of 1.65-2.59 ng 1- TEQ/kg for
beef, lamb and chicken but a much lower concentration (0.28 ng 1- TEQ/kg) in pork.
Similar results were reported by Fürst et al. (1990); concentrations in beef, lamb, chicken
and in canned meat were in the range 2.4-3.7 ng I-TEQ/kg while PCDDs and PCDFs
other than OCDD were not detected in pork. Fürst found a rather higher average concen-
tration of 7.7 ng I-TEQ/kg in veal, that is presumably due to the high early-life input
from milk.

Similar concentrations were found in beef, mutton and chicken from the Netherlands
where the range was 1.6-1.8 ng I-TEQ/kg (Liem et al., 1991b). Again a rather lower
level of 0.42 ng 1- TEQ/kg was found in pork. Ths study also included horse and goat fat,
in which higher concentrations of 14 and 4.2 ng 1- TEQ/kg, respectively, were found.

Liver from these animaIs was also analysed and the concentrations, on a fat basis, were
2-10-fold higher than in the corresponding animal fat.

The limited number of reported measurements of levels in animal liver from food
distrbution channels show a tendency to higher concentrations in 1- TEQ terms (6-60 ng
I-TEQ/kg). Concentrations of HpCDD and OCDD especially are relatively large, with
maxima approaching 1 flg/kg for the former and exceeding 4 flg/kg for the latter
congener.

LaFeur et aL. (1990) examined samples of canned comed beef hash, ground beef,
beef hot dogs and ground pork available in the United States for 2,3,7,8-TCDD and
2,3,7,8-TCDF. The former was found in aU the beef samples at concentrations between
0.03 and 0.35 ng/kg but was not detected in pork.

Schecter et al. (1994a) more recently reported on a number of individu al samples of
retail meat products from the United States. The concentrations in four different samples
of beef and beef products spanned a wide range from 0.04 to 1.5 ng 1- TEQ/kg on a whole
sample basis. Cooked ham contained 0.03 ng I-TEQ/kg, while a single pork chop
contained 0.26 ng I-TEQ/kg and a sample of lamb sirloin 0.41 ng I-TEQ/kg. A very low
level of 0.04 ng I-TEQ/kg was found in a sample of chicken.

Concentrations in samples from widely separated locations in the Soviet Union

ranged from 0.2-6 ng I-TEQ/kg in beef, pork and sausage (see Appendix 1, Table 12).

Poultry

The rather limited data (Appendix 1, Table 14) on poultry meat suggest typical con-
centrations of the same order of magnitude as those in other anmal products, apar froID
the rather greater concentrations found in two samples from Viet Nam (Schechter et aL.,
1989a). The UK Total Diet Survey (Wright & Stain, 1995) shows a marked decrease
between 1982 and 1992.



POL YCHLORIATED DIBENZO-para-DIOXINS 93

Eggs

Although the 2,3,7,8-substituted PCDD/PCDF congeners predominate in eggs, other
congeners are observed to a greater extent than in other animal-derived foods. There

have been relatively few studies of contamination in eggs at the retail level, but the
limited data in Appendix 1 (Table 15) show reasonable agreement between samples from
the Netherlands, Germany, Spain and the United KIngdom (1992 Total Diet Survey
sample). ln terms of I-TEQ concentrations for PCDDs and PCDFs, the British results
show a decrease from 1982 to 1992 of nearly a factor of 5.

Earlier results of 0.22 and 0.16 ng 1- TEQ/kg whole egg found in two egg composites
from the UK Total Diet Survey from 1988 (Ministr of Agriculture, Fisheries and Food,
1992) and an average of 0.2 ng TEQ/kg whole egg in samples from Norway (Faerden,
1991) are also consistent, assuming a fat content of 10%.

ln the United States, the data of Stephens et al. (1995) point to a similar background
level in eggs from chickens fed on commercial formulations to that in Europe, whereas in
eggs from free-range birds with access to moderately contamnated soils, concentrations
were as much as 100-fold higher than in commercial eggs.

ln the Canadian data, only lÏigher chlorinated congeners were detected in eggs, but an
average concentration of 0.59 ng 1- TEQ/kg was used for dietar intake ca1culations
(Birmngham et aL., 1989).

Two chicken's eggs from Viet Nam had concentrations of 0.55 and 1.62 ng I-TEQ/kg
whole egg while PCDDs and PCDFs were not detected in a single sample of duck eggs
(OHe et al., 1989).

Lovett et al. (1996) reported 1.2 ng I-TEQ/kg fresh mass in chicken eggs from rural
sites in Wales, 0.6 ng I-TEQ/kg in bantam hen eggs and 0.7 ng I-TEQ/kg in duck eggs.
(Assuming 10% as a typical fat content, these seem much too high. J

Fish

Although PCDDs and PCDFs are usually present in aquatic systems only at very low
levels, bioaccumulation of the 2,3,7,8-substituted congeners can result in significant
concentrations in fish. As with anmaIs, the 2,3,7,8-substituted congeners dominate the
congener pattern found in fish, although this is not tre of crustaceans and shellfish

(Oehme et al., 1989). Since different species occupyquite different trophic positions,
large differences in PCDD and PCDF concentrations are to be expected.

Data from studies of food fish are shown in Appendix 1 (Table 16; summarzed in
Table 17). Average concentrations of 2,3,7,8-TCDD and of 1,2,3,7,8-PeCDD are about
an order of magnitude greater than in foods of animal origin.

A study of cod and herrng from the seas around Sweden has been reported (Bergqvist
et al., 1989). Herrng from the Baltic were found to have PCDD/PCDF concentrations in
the range of 6.7-9.0 ng I-TEQ/kg wet weight, whie considerably lower concentrations of
1.8-3.4 ng I-TEQ/kg were found in fish from the west coast of Sweden. de Wit et aL.
(1990) also demonstrated higher levels in fish from the Baltic Sea.
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Takayama et al. (1991) reported data on coastal and marketing fish from Japan. The
means for these two groups were 0.87 and 0.33 ng I-TEQ/kg, respectively, on a wet
weight basis.

A number of studies have dealt with contanation of fish in the North American
Great Lakes and rivers in the Great Lakes Basin (Harless et al., 1982; O'Keefe et aL.,
1983; Ryan et al., 1983; Stallng et al., 1983; Fehrnger et al., 1985), which have been
among the most severely contaminated in the United States. An extensive survey of
2,3,7,8-TCDD in fish from inland waters in the United States has also been conducted
(Kuehl et al., 1989) and over 25% of all samples were found to be contaminated at or
above the detection limit, which vared between 0.5 and 2.0 ng/kg. Concentrations in
excess of 5.0 ng/kg were found in 10% of samples and the highest level was 85 ng/kg.
Samples collected near sites of discharge from pulp and paper mills had a higher
frequency of 2,3,7,S-TCDD contamination than other samples. More recently, Pirestone
et al. (1996) summarzed the results of monitoring for 2,3,7,8-TCDD in the edible
portion of fish and shellfish from varous United States waterways since 1979. Analyses
of 1623 test samples indicated that 2,3,7,8-TCDD residues in fish and shellfish were not
widespread but rather were localized in areas near waste sites, chlorophenol manu-
facturers and pulp and paper mills. The levels in aquatic species from these sites have
been declining steadily. No 2,3,7,8- TCDD (limit of detection and confirmation,
1-2 ng/kg) has been found in recent years in aquatic species from most Atlantic, Pacifie
and Gulf of Mexico sites and Great Lakes other than Lake Ontaro and Saginaw Bay
(Lake Huron).

There are rather fewer data on retail samples of the major food species and the ranges
of reported results are wider than for anmal products. Two recent studies of composite
samples of sea fish, formulated to represent national average dietar habits iD the United
Kingdom and the Netherlands, showed considerable differences for all congeners (see
Appendix 1, Table 16) (Liem et aL., 1991 b; Ministry of Agriculture, Fisheries and Food,
1995). The available data lead to averages of about 5 nglg for 2,3,7,8-TCDD, 1,2,3,7,8-
PeCDD and 1,2,3,6,7,8-HxCDD, with lower concentrations of 1,2,3,4,7,8-HxCDD and
1,2,3,7,8,9-HxCDD and rather higher ones of HpCDDs and OCDD. The mean total
concentration of 25 ng I-TEQ/kg has a larger contrbution from PCDFs than that for
animal products (see Appendix 1, Table 17).

ln addition to the tabulated results, data from the United KIngdom from eight retail
samples, including plaice, mackerel, herrng, cod, skate and coley, gave a mean of
0.74 ng/kg and a range of 0.15-1.84 ng TEQ/kg on a wet weight basis (Starin et al.,
1990), but fat contents were not determned.

ln contrast to the extensive Nort American measurements on fish caught in specifie
locations, there is little information documenting the levels in the general food supply
there, apar from the results reported by Schecter et al. (1994a) who found 0.02 and
0.03 ng I-TEQ/kg in haddock fillets, 0.023 ng I-TEQ/kg in a cod fillet and in a perch
fillet, and 0.13 ng I-TEQ/kg in crunchy haddock. Fat contents were not measured. These
levels are rather lower than those typical in Europe but relate to a very restrcted
sampling base.
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The very limited reported data on fish oils (used, for example, as dietar supplements)
are consistent with the lipid-based concentrations reported in fish.

Othe r foods

Table 18 in Appendix 1 gives PCDD concentrations that have been found in some
other commodities and products. Bread was included in the UK TDS as it is a staple item
in most people's diet and also because fat is usually used in preparng the dough. Many
of the congeners were not detected but detection limits vared so that the upper-bound
total I-TEQ concentration appears to increase in the more recent pooled sample. (The
summations are almost certainly a considerable overestimate of true concentrations.)

Varous studies of cooked foods and prepared dishes have been reported; concen-
trations of PCDDs found were broadly similar to those in individual commodities.

(The W orking Group noted that the available data on food show that average
PCDD/PCDF concentrations in anmal fats consumed in the diet in different indus-
trialized regions are similar, even for different continents.)

Data from a UK study (Weare et al., 1996) in which a comparson was made of
composites of varous fatty food composites taken from Total Diet Study (TDS) samples
from 1982 and 1992 show a considerable decrease in PCDD/PCDF levels over this
decade (Table 23). Results obtained separately on a small number of individual TDS
samples from 1988, while less robust, support thIs finding (Ministry of Agriculture,
Fisheries and Food, 1995).

Fürst and Wilmers (1995) have reported a decrease of nearly 25% in PCDD/PCDF
levels in cow's milk and milk products collected from aIl 30 daies in North Rhne-
Westphalia in Germany in 1994 compared to 1990.

(ii) Foodsfrom contaminated areas

Vegetables

The outer surface of root crops can obviously become contamnated by soil contact;
low concentrations of PCDDs and PCDFs have been measured in root crops such as
carots and potatoes grown in contanated soils but were largely absent if the vege-
tables were peeled (Facchetti et aL., 1986; Hülster & Marschener, 1993).

Surface-borne PCDD and PCDF contamnation of foliage and fruits may include
contrbutions from direct deposition of airborne pariculates and from absorption of
vapour-phase contamnants from the ai, including those which are attrbutable to eva-
poration from the soil (Reischl et aL., 1989). ln apples and pears grown on hIghly conta:"
minated soil, Müller et al. (1993) found tota concentrations of PCDDs and PCDFs
(including non-2,3,7,8-substituted congeners) in the range of 1-4 ng/kg. Peeling removed
most of the PCDD and PCDF contanation, although washing was not effective.

ln studies of field-grown vegetables, measurable amounts of PCDDs/PCDFs have
generally been found only in areas where a specifie contaation problem was known
to exist. Concentrations of 2,3,7,8- TCDD of 100 ng/kg were detected in the peel of fruits
grown on soils contanated in the Seveso incident, but not in the flesh (Wipf et aL.,
1982). Investigations in the vicinity of a wire reclamation incinerator showed contam-
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nation of leaf vegetables at concentrations of 5-10 ng I-TEQ/kg and rather less in fruits
(Prinz et al., 1990).

Cows' milk

A number of studies have demonstrated the localized influence of incinerators and
other sources on PCDD/PCDF concentrations in cow's milk (Table 24). Thus, Rappe
et aL. (1987b) found between about 8 and 12 ng I-TEQ/kg in the milk of individual cows
grazing near municipal solid-waste incinerators and a chlorinated chemical production
site in Switzerland.

More recently, in surveillance around incinerators in the Netherlands, levels up to
13.5 ng I-TEQ/kg in cow's milk were found (Liem et aL., 1991c). The highest PCDD
concentrations were usually found within about 2 km of the source.

Schmd and Schlatter (1992) analysed milk from sites near waste incineration, metal
recycling and other industral facilities in Switzerland, where the PCDD/PCDF levels
were reported to be two- to four-fold greater than in commercial samples.

ln the United Kingdom, Starin et aL. (1990) found between 3 and 6.2 ng I-TEQ/kg for
PCDDs/PCDFs in milk from fars near an incinerator and close to a densely populated
and industralized area, compared with the mean for rural background areas of 1.1 ng 1-
TEQ/kg. ln 1990, concentrations of 40 and 42 ng I-TEQ/kg were found in milk from two
fars near Bolsover in Derbyshire, while milk from 30 other fars in the region

contained an average of 4.3 ng I-TEQ/kg (range, 1.8-12.5) (Harson et aL., 1996). ln
contrast to the results discussed above where the proportions of different congeners were
fairly similar to those in background samples, milk from Bolsover showed a distinctive
pattern dominated by 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD and 1,2,3,4,7,8-/1,2,3,6,7,8-
HxCDD.

Riss et aL. (1990) investigated contamnation caused by a metal reclamation plant at
Brixlegg in Austra and found PCDD/PCDF levels in two samples of cow's milk giving
55 and 69 ng I-TEQ/kg.

(iii) Human intake levels from food
Birmngham et al. (1989) estimated the daily intake of PCDDs and PCDFs from food

for Canadian adults to be 92 pg 1- TEQ, the main contrbutors being milk and dairy
products, beef and eggs. Beek et al. (1989a) and Fürst et aL. (1990) estimated West
German exposure to be 93.5 and 85 pg German TEQ/day, respectively. Both groups
concluded that intake was derived about equally from milk, meat and fish.

The estimates above were derived by multiplying average concentration in foods and
average food consumption statistics. An alternative approach using a database of food
consumption data for 5898 individuals was applied by Theelen et aL. (1993) to estimate
intaes in the Netherlands. Ths showed a median adult intake of about 70 pg I-TEQ/day.

ln the United Kingdom, both approaches have been applied to estimating intakes in
1982 and 1992 (Weare et al., 1996). Using the average consumption method, estimated
intaes of PCDDs and PCDFs were (240 pg TEQ/day) in 1982 and (69 pg TEQ/day) in
1992. Based on seven-day consumption records for over 2000 adults, mean intake



Table 24. Concentrations of PCDDs reported in cow's milk from contaminated areas

Reference Origin Sample No. PCDD concentration (ng/kg fat)"
year

TCDD PeCDD HxCDD HpCDD OCDD 1- TEQb

PCDD/PCDF
2378 12378 123478 123678 123789 1234678 "'0

r-
Riss et aL. Austra, Tyrol, Brixlegg 1988 1 17.8 24.5 3.7 11.2 9.4 5.6 NR (54.6) ~n
(1990) (metal reclamation) 1 18.5 25.3 5.4 14.5 3.6 17.1 NR ( 69.1 )

FaRappe et al. Switzerland, Hunzenschwil NR 1 (1.1) (5.59) (5.15) (6.49) (3.8) (5.82) (6.26) ( 11.8) 0
(1987b) (SE from MSWI)

~Switzerland, Rheinfelden NR 1 (0.60) (-c 2.87) (-c 4.01) (-c 6.02) (-c 3.15) (12.0) (16.9) (7.53) ;?
(Ci compound manuf.) "'

trSwitzerland, Suhr NR 1 ( 1.2) (-c 2.71) (4.42) (5.05) (-c 2.52) (-c 3.0) (-c 5.05) (8.38) ti
(SW from MSWI) ti-

Starin et aL. UK, incinerator 1989 1 (0.85) (1.2) 0 (2.58) (0.83) (1. 7) (6.45) (3.04)
te
tr

(1990) 1 (0.9) (1.95) 0 (2.15) (-c 1.78) (1.73) (7.75) (4.07) Z
NUK, urbanlindustrial 1989 1 (2.03) (1.05) 0 (1.58) (0.4) (1.63) (8.05) (6.24) 0

1 (1.08) (0.48) 0 (0.6) (-c 0.75) (4.15) (6.4) (3.71) ~
\:Harson UK, Derbyshie 1990 1 (24.5) (18.75) (45) (13.3) (4.5) (15) (44.7) ¡:
1et al. (1996) (CI compound manuf.) ti-

(Far A) (4% fat assumed) 0
~Eitzer (1995) USA, Connecticut 1993 12 (0.38) (0.17) (0.65) (0.58) (0.23) (3) (42.5) (0.82) Z

(incineration) en

(4% fat assumed)

NR, not reported; MSWI, municipal solid-waste incInerator
aWhen concentrations were given by the authors on whole milk basis, they have been reca1culated on lipid basis by the Working Group.
b Summed TEQ concentrations reca1culated by the W orking Group where possible assuming congeners that were not detected were present at the

full vaIue of the limit of detection

\0..
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estimates were made of 250 pg TEQ/day in 1982 and 88 pg TEQ/day in 1992. The
decrease in intake was attributed parly to the decrease in the concentration of PCDDs
and PCDFs (on a fat basis) in foods, and parly to changes in dietar habits and a
decrease in the average fat content of the foods consumed between 1982 and 1992.

1.4 Human tissue measurements (see Table 25)

This section considers exclusively populations without exposure to PCDDs through
occupation or industrial accidents.

PCDDs and PCDFs are found ubiquitously in human tissues. The concentrations in
humans are higher in industrialized countres than in non-industralized countries, now
being about 15 ng I-TEQ/kg lipid and normally below 10 ng I-TEQ/kg lipid, respec-
tively. These values are several orders of magnitude lower than those observed in acci-
dentally and/or occupationally exposed individuals. ln general, no significant differences
in tissue levels have been found between people living in urban and rual areas. Extreme
consumption of certain foods or normal consumption of highly contamInated foods may
result in higher body burden, but only in sorne special circumstances does the increase
exceed a factor of about 5.

Human milk is both a useful matrix for biological monitoring and an important food.
Data on levels of PCDDs in human milk are therefore presented in some detail in a
separate table, organized by country and discussed separately (see Section 1.4.2).

With a very few exceptions, only 2,3,7,8-substituted congeners are found in human
tissue samples. A general observation for human background contamnation is that
OCDD is the most abundant isomer, followed by the 2,3,7,8-substituted hepta- and hexa-
chloro-congeners. 2,3,7,8-TCDD is normally less abundant than PeCDD.

All values reported in this section are given on a lipid content basis. The concen-
trations are reported in Jlg/kg extractable fat (if not expressed otherwise).

1.4.1 Blood and tissue samples

(a) Austria

For comparson with an exposed group of 2,4,5- T production workers, Neuberger
et al. (1991) reported 2,3,7,8-TCDD blood concentrations in men with low or no occu-
pational exposure to 2,3,7,8-TCDD. The range and median for the group were .( 5-23
and 13 ng/kg, respectively.

Samples of milk from cows grazing in the vicinity of a metal reclamation plant
showed significantly higher PCDD/PCDF levels than control samples. ln the blood of
two farers in the same area, increased levels of certain isomers were found. The highest

value (one sample) was found for 1,2,3,7,8-PeCDD at 780 ng/kg (Riss et aL., 1990).

(b) Canada

Ryan et al. (1985b) reported that adipose tissue from 23 older subjects (:: 60 years
old) who had died in Ontaro hospitals in 1979-81 contained an average of 11 ng/kg
2,3,7,8-TC:DD.



Table 25. Concentrations of PCDDs in human samples from the generaI population

Reference Origin; sample description (and no,) Coll. Anal, PCDD concentration (nglg fat)
period meth,

TCDD PeCDD HxCDD HpCDD OCDD 1-TEQ
PCDD/PCDF

2378 12378 123478 123678 123789 1234678 ""0
AustrIa L'~
Neuberger et al, Blood 90 BSI ('
(1991) Occup, physicians (2) (med,) 16 (8-24) - - - - - PMW plant 0

Extemal workers (Ii) 15 (.:5-23) - - - - -

~Extemal referents (6) 13 (.: 5-23) - - - - - -
Riss et al, (199O) Brixlegg; blood from (1) 88 CSN 55,0 780 40 412 ND 32,5 -

~faner (1) 13,1 92.4 6.4 242 ND 116 -
Canada tr0
Ryan et al, Adipose; 79-81 BSIW 0
(1985b) Kingston' (13) 12.4:l 5,8 - - - - - -

Ottwa' (10) 8,6 :t 4.4 - - - - - t:
tr

Ryan et al, Adipose; BSIW Z
(l985c) Québec (5) 72 ND' 12.5 (4 pos,) - 42,6 - 83,6 756 N

(10) 76 5.4 (5 pos.) 11.6 - 63.1 - 70,7 628 0
British Columbia (5) 72 10,7 21.7 - 18O - 44 1355 ~

(10) 76 7,5 (3 pos,) 11.6 117 - 16O 1304 \:
Martimes (10) 76 5,3 (7 pos,) 8.3 - 64,0 82,1 572 i:
Ontao (6) 76 6,1 (5 pos,) 6,1 40,3 116 528

1- - 0Praies (10) 76 12,7 (1 pos,) 13.3 - 97,9 - 247 843 -
E, Ontaro' (10) 80 IO,O:t4,9 13,2 :t 4,0 - 90.5 :t 38,9 - 116:t41.8 611:t 226 0

LeBel et aL. Adipose; BSO ~
(199O) Ontaro (76) 84 11.2:t7,8 23,7:t 11. - 172.4:t 74,1 22,1:t 9,2 231.7:t 181 1037:t 712 65,9:t31.5 Z

(1,4-9,1) (3,4-5,7) - (31,2-533,8) (6,9-53,2) (69,5-1242) (194-5024 ) (10,9-184)
CI

Kingston' (13) 79-81 BSO 19.5 27,5 - 212,3 31. 342,3 1627 88,3
Ottawa' (10) 8,7 22,0 - 178,5 20,9 244,9 1154 61.6

Teschke et al. British Columbia; adipose, (41) 90-91 CSO 4,2 14 15 137 17 136 500 29,1

(1992) residents of forest industry (1.8-9.2) (4.1-26) (2,8-33) (33-313) (6,0-39) (42-300) (67-1333) (8,4-56.)
region

\0
\0





Table 25 (contd)

Reference Origin; sample description (and no,) Coll, AnaL. PCDD concentration (nglg fat)
period meth,

TCDD PeCDD HxCDD HpCDD OCDD j-TEQ
PCDD/PCDF

2378 12378 123478 123678 123789 1234678
'"

Gennany (contd) 0~
Schecter et al. Whole blood (4) -:90 4,0 17.5 109 9,8 185 761 69 ~
(1991a) Adipose (4) -:90 5.1 21. 101 8,1 153 653 69 (1
Papke et aL. General population; blood (102) 89-90 BSOW 3,6 138 1.9 54,6 10,6 92.4 610 40,8 P(1992) (0,6-9,1) (2,1-39,0) (1.0-33.0) (15,0-124) (0,5-710) (19,0-280) (145-1524) (11.6-93,5) 0
Kieselrotstudie General population; blood (56) 91 BSOW 4,5 17.3 16,9 54,5 Il.4 98,3 565 44.4

~(1991) (N12) (6,7-43) (3,6-38) (18-110) (4,7-23) (30-210) (180-1100) (16.9-98)
Papke et al. General population; blood (44) 92 BSOW 3,7 8,3 10,2 35,5 5,9 56,7 462 26,0 ~
(1993b) (1.0-8,8) (2,8-20,8) (3,6-19.4) (7,5-99,0) (1.8-15,8) (16,7-159 (126-1267) (12-61) g
Schrey et al. General population; blood (95) 91 BSOW 4.62 18,0 16.3 45,9 9,26 87,2 446 42,7 0
(1992) (1.2-12) (5,6-) (3,9-38) (12-110) (2.9-22) (21-210) (140-950) (11.-114) 0
Päpke et al, General population; blood (70) 93 BSOW 3,2 7,2 7,9 28,9 5.4 46,9 389 21.7

-t;
(1994b) (0.5-8,7) (3,5-16.0) (3,4-21.8) (9.5-71.4) (0.5-13,8) (13,6-143) (99,9-945) (10.3-48,8) m
Päpke et al, General population; blood (134) 94 BSOW 2,9 6.3 6,9 26,7 4,9 45,3 370 19,1 Z
(1996) (1.0-7,8) (1.6-15.4) (ND22) (5.3-62,2) (1.-11.9) (8,6-115,8) (90.3-949) (5,2-43,9) N0

97 BSOW ~Age 18-71 y (139) 2.3 5,9 5.7 22,6 3,8 33,0 293 16,1 ¡:
(ND-4,9) (1.-12,1) (2,0-15,7) (3,7-60,3) (1.5-11.) 9,5-93,5) 106-664) (7,3-33,6) ~

Age 18-30 y (47) 2,1 4,8 5,0 16,8 3,6 34,0 278 131 10(1,0-.3) (1.7-9,8) (2,0-15,7) (3,7-33,6) (1.8-6,7) (9,8-56,7) (108-530) (7,3-13,1) -
Age 31-42 y (48) 2.2 5,9 5,7 24.4 3,9 33,2 310 16,3 0

(ND.4) (2,5-11) (2.3 (10,5) (8,6-2,5) 8,6-2,5) 12,4-79.4) (114-597) (7,9-22,3) ~
Age 43-71 y (44) 2,8 7,0 6,5 26,7 3,9 31. 280 19,1 Z(ND,9) (3,6-12,1) (2.-11.4) (6,8-60,3) (1.9-1 1.) (9,5-93,5) (106-664) (10,1-336) í/

Wittsiepe et aL. Marsberg; vicinity of (56) 91 BSOW 4,6 19.4 16,3 57,9 IL 93,2 666 52,7
(1993 ) copper smelter, blood (ND-12 (6,7-80) (5.3-51) (19-110) (3,4-31) (18-248) (120-1770) (22,1-231)
Körner et al. Mamar tumour tissue (7) BSO 7,8 16.5 86,5 128 608 50,1
(1994) (5.1-11.7) (11,4-26,2) (41-121) (72-183) (186-1361) (27.4-76,0)
Wuthe et al, Metal reclamation plant (22) 89 BSOW 3.4 12.4 59,2 83,5 506 31.0
(1990) neighbourhood; blood (1.-6,2) (2,9-21) (29.7-118) (23-238) (176-2126) (16,1-80.4)

..0..
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Table 25 (contd)

Reference Origin; sample description (and no,) ColL. AnaL. PCDD concentration (ng/g fat)
period meth.

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PDF

2378 12378 123478 123678 123789 1234678

Germany (contd)

Wuthe et al. One woman; blood (1) 92 BSOW 2,2 5.7 31. 41. 229 -
(1993) ~
Ewers et al. AlIotment gardeners; (21) 92 BSOW 5,8 17 69 83 390 44,3 ::n(1994) blood (2,4-14) (11-26) (3-110) (20-150) (270-80) (29,2-81.)

~Beck et al. Infants. 3-23 months .: 93 BSOW 0(1994) Adipose tissue (8) 1. 4,5 2,9 14 3.4 18 114 Ii Z(.: 0.2-3.9) (0,4-14) (0,3-9,2) (2,1-37) (0,8-9,5) (5,1-57) (43-341) (2,1-36) 0Liver (8) 1.4 5,0 6.5 19 5,7 115 1221 28 0(.: 1-4,6) (.: 1-14) (.: 2-17) (3,0-54) (.:2-16) (20-396) (375-2916) (4,7-88)

~
Spleen (8) 2.2 5,5 Il 24 4,9 76 166 20

(.: 1-0 10) (1.-20) ( 1.6-50) (.:5-113) (0,8-18) (16-236) (107-281) (4,3-77) 'iThymus (8) 3.4 4.4 5,6 15 4.6 60 782 19 ::
(.: 1-7,5) (.:2-0 15) (2.4- 15) (7.5-24) (1.-0 15) (19-155) (446-1500) (8,4-39) CI

Brain (8) - - - - - - - .:1 ~
Jödicke et al. Infant, 3 months; stool (1) 91 BSO .: 2 .: 5 .: 5 36.7 .: 5 152 1367 13,6 0
(1992)

GMother's milk (2) 1.0-2,1 4,6-5,3 3,8-4,2 25,4-31.4 2,8-3,0 26,7-29,7 104118 14,6-18,6 ~Welge et al, Blood 92 BSOW tr(1993) Vegetarans (24) 3.4 14,1 12,3 36,0 6,8 70.2 447 32,6 0\(1.-5.4) (6,5-25) (4,6-23) (17-66) (3,7-12) (32-120) (180-1100) (14,6-52,9) \C
Non-vegetarans (24) 3.6 15.5 14,7 39,9 8,3 80,0 456 34,3

(1.2-11) (5,8-43) (5,4-36) (18-110) (2,9-22) (24-160) (150-950) (14,3-98,0)
Abraham et al, Mother' s blood (3) 93-94 BSOW (1.6) (4,5) (4,2) (18.3) (3,1) (26,2) (367) (12.4)
(1995a) Placenta (3) (2,7) (4,5) (2.5) (8,7) (1.7) (11. ) (114) (11. )

Umbilcal cord (3) (.: 1.0) (2,6) (2,6) (8,9) (1.8) (9,0) (93,6) (6,5)
Meconium (1) (1.4) (3.2) (2.5) (9,9) (2,2) (12,2) (152) (7,7)

Guam

Schecter el al. Guam Island; whole blood (10) 89 BSOW 2,6 14.7 8.3 62,1 15,5 163 749 28
(1992)
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Table 25 (contd)

Reference Origin; sample description (and no.) Coll, Anal. PCDD concentration (nglg fat)
period meth,

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDDIPCDF

2378 12378 123478 123678 123789 1234678

NetherIands

van Wijnen et al. Fetus; liver (4) ~90 BSrw 0,23 0,09 0,09 0,29 0,07 1.03 8,8 -
(199O) Infant not nursed ;p

Li ver (1) 0,03 0,07 0,04 0,16 0,03 0,29 3,87 ~
Fat (1) 3.4 2.13 ND 7,07 ND 12.3 87.4 n

Infant nursed
aiLiver (1) 0.29 0,58 0.49 2,77 0.52 6,84 67,9 0Fat (1) 3,98 6,93 3,18 29,98 2,95 10,0 105.1 ZPlacenta (1) 0,26 0,53 0,21 0.42 0,08 0,59 4.22 0

New ZeaIand a
Smith et al, Control group for 2,4,5- T 88 BSrw 5,6:t 1. 8,8 :tO,7 5,7 :t 0.4 23,3 :t 4,9 8,2:t 0,6 119:t18,4 759 :t 93 ~(1992a) applicators; serum 'i
Norway :i

CI
Johansen et aL. Blood 93 BSO ~(1996) Con troIs (10) 3,6 5,9 2,4 14,7 4.3 54.1 478 2.1/ 0

(0,2-7,0) (0,5- 10,6) (0,9-3,4) (2.7-24,5) (0,6-7.3) (10-179) (52-951) ~
Moderate crab inlae (15) 7,7 17.3 8,0 27,6 8,6 45,5 336 60,gJ c:

(3-13,6) (6,9-34.8) (ND-30,1) (13,1-48,2) (ND3,5) (21-77) (157-40) aiHigh crab intake (9) ~1.° 28,3 10,8 39,1 9,9 33.3 267 109, Il t'
(6,3-22,4) (15,4-5) (4,0-17,4) (16,9-63,7) (5,9-20,9) (17-64) (104363) 0\

Rusian Federation \0
Schecter et al, Whole blood 88-89 BSOW
(1992) Baikalsk (8) (pool) 3.7 4,7 4.7 6,3 2,0 9,6 57 18

St Petersburg (60) 4,5 9,3 2,1 8,5 2.4 14 89 17

Spain

Jiménez el al, Madrid, unexposed; serum (11) 93 BSO 1.52:t 1.9 4.09:t 0,91 2,75:t 1.8 32.6:t 12,4 5,81 :t2,67 71.5 :t 34.7 397:t 174

(1995) (0,61-3,9) (2,25-5.71) (1.5-5.10) (18.8-57,2) (2,01-11,4) (32.5-137,2) (117-690)
Gonzaléz et al. Mataro; blood, (198) 95 BSOW 1.6 4,9 39,4 70.1 484 13.3
(1997) 10 pools



Table 25 (contd)

Reference Ongin; sample descnption (and no,) Coll, AnaL. PCDD concentration (nglg fat)
penod meth,

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF

2378 12378 123478 123678 123789 1234678

Sweden 'i0Rappe (1984b) Background; adipose (6) 82 CS' 1.5 12 II 73 240 t"
Nygrn et al. Adipose; 84 BSIW ~\.(1986) Unexposed (18) 3 9 12 4 85 421 :i(2-6) (4-18) (3-18) (3-5) (12-176) (98-679) t"Cancer patients (17) 3 9 18 4 100 408 0

(2-9) (4-24) (3-55) (3-13) (12-380) (90-20)

~
Non-cancer patients (14) 3 9 12 4 85 421

(2-6) (3-18) (8-18) (3-5) (20-168) (182-763) ;:Rappe (1992) Blood; 90 BSIW ~
No fish 1.8 5,7 2,8 35 5,7 56 357 17,5 0consumption
N omial fish 2,5 7,6 3,0 43 6,0 80 458 25,8 Ciconsumption -t:High fish 8,0 16 3,9 48 6,5 71 473 63,5 trconsumption Z

Svensson et al. BloOO pool' BSl N
(1995a) Sea of Bothnia 0

Fishemien 27 35 6.2 66 12 84 551 154/ ~
Con troIs 6,1 12 4,2 38 6,6 67 574 40/ i:

~Baltic proper
1Fishemien 6,9 20 4.6 44 ND 58 351 80/ Ci

Con troIs 4,0 ~° 3.4 32 5,7 58 364 37/ -0Baltic south

~
Fishemien 17 33 8,8 75 ND 110 585 131/
Con troIs 6.4 14 5,8 53 8,5 100 605 54/

West coast u:
Fishemien 100 5,7 Il 4,9 36 6,0 54 367 42/
Con troIs 88 4,0 13 ND 34 ND 85 553 39/

Hardell et al, Blood ;: 86 BSl
(1995) Cancer patients (7) 10,1 24 1.2 45.3 6.3 118 51O 64.7'/

('" 0,4-36) (9-57) (0,9-2,6) (13-130) (2,6-13) (9-380) (154-1600) (19,9-187)
Non-cancer (12) 2,8 9,6 "'1 12,2 3,7 85 413 29,7
patients (",0,4-6) (",0,4-19) (8-18) (3-5) (32-168) (247-672) (12.9-53.4)

..0
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Table 25 (contd)

Reference Origin; sample description (and no,) ColL. AnaL. PCDD concentration (nglg fat)
period meth, -

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PDF

2378 12378 123478 123678 123789 1234678
"'0United State (contd)
l4Ryan (1986) New York State; 85 BSiw ~
\)Adipose

p
6 months(LC, 75%) ND - 4.5 - 13022 Y (LC, 83%) 2,2 - 74 - 920 0Li ver

~
6 months (LC, 4.0%) ND - ND - 2222 Y (LC, 4.4%) ND - 21 - 420Graham el aL. Background; adipose (8) '" 84 CSI 5.4 - - - - - - ~

(1985) (3) (1.8-10) ~7,7 10,3 - - - - - 0(2-14) (4-16)
ÜSchecter el al. Binghamton; adipose '" 84 CRO'

63(1 986a) (1) 8,3 13,8 - 46,2 7.4 95,8 534

~
(1) 7,2 10,3 - 54,5 7,5 39.4 593
(1) 6,0 8,2 - 60.3 7.4 119 695
(1) 3,7 7.5 - 60.4 6,8 93,1 586 0LC, 70,6% (46-88) (8) BNW 7,2 11. - 95,9 164 707 i:(1.4-17,7) (5,2-25,2) (46.2-355) (53-ó91) (214-1931) \:

Palterson el aL. Georgia and Uta; adipose '" 86 BSIW ~
1(1986a) Black women, (7) 12.2 - - - - - Ü60,6 years old ~

B1ack men, (7) 10.4 - - - - - - 0
55.9 years old ~
White women, (8) 10,9 - - - - - - Z52.2 years old u:
Whte men, (9) 8.8
54,8 years old

Staney el al, General population; (46) 82 BSO 5.0:J 2,8 32:J 38 72:J 70 87:J 78 560:J 290
(1986) adipose ('" 1-10) ('" 1-180) (7,9-330) ('" 23-390) (641250)
Palterson el al. Missouri; adipose (57) 86 BSIW 7.4
(1986b) (1.4-20.2)

,.0..
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Table 25 (contd)

Reference Origin; sample description (and no,) ColL. AnaL. PCDD concentration (nglg fat)
period meth,

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDDIPCDF

2378 12378 123478 123678 123789 1234678

United States (contd)

Cenlers for Non-Viet Nam veterans; (97) 87 BSIW 4,1:! 2.3
Disease Control serum (ND-15) -
Veterans Health ;p
Studies (1988) ::\.
Nygren et al, Era control; serum (1) .: 88 BSIW 1.5 9,0 .:4 36 .:4 59 84 ~(1988) (1) 7.3 15 11.6 191 .: 5 59 675

(1) 7,1 26 17.6 231 38 428 3246 0
(1) 2,4 16 3,6 47 4,0 188 468 Z
(1) 2,2 6,9 4,7 36 6,0 65 1747 0
(1) 5,5 14 8,7 64 10,1 72 1052 ci
(1) 6,0 13,5 13,2 69 15 105 566

~Andrews et aL. Missouri Con trois 86 BSIW

(1989) Adipose ::
Men (51) 6,8 :t4,1 - - - - - - cr

(ND20) ..
Women (77) 7,2: 4,0 - - - - - - 0

(1.4-20,2) t"
Fingerhut et al, Referents; serum (19) .: 89 BSIW 8,2 - - - - - -

~(1989) (3,7-17,1)

Schecter et al. One patient' .: 89 N 0'
(1989b) Abdominal fat (1) 5,7 7,8 - 64 - 110 680 \0

(LC,75%)
Subcutaeous fat (1) 6,0 8,2 60 - 120 700

(LC,75%)
Adrenal fat (LC, 28%) (1) 3,8 3,1 - 35 - 55 600
Bone marow (1) ND 12 - 30 - 48 540

(LC, 26%) 

Liver (LC, 6%) (1) ND ND - 6,5 - 22 220
Muscle (LC, 9%) (1) ND 1.2 - 7,9 - 14 170

Spleen (LC, 1.8%) (1) ND 11 - 1.9 - 13 46
Kidney (LC, 3.0%) (1) ND ND - 2,5 - 5,2 31

Lung (LC, 2,2%) (1) ND ND - 1,4 - 2,9 21
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Table 25 (contd)

Reference Origin; sample description (and no.) Coll, AnaL. PCDD concentration (nglg fat)
period meth,

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDDIPDF

2378 12378 123478 123678 123789 1234678

Viel Nam (coiitd)

Schecter et al. Adipose 80s BSO
(199Oc) Nort Viet Nam (10) 1.4 2,5 1.4 6.0 1.2 30,1 230

South Viet Nam (13) 6.7 6.4 5,0 27,6 6,1 69,2 470

Schecter et al. Liver, stilbom infants (1) -0 89 BSOW 4,3 7.8 4,5 5,1 2,9 15 64 12
(199Od) (1) 3,5 8.3 3,8 6.1 2.3 Il 65 12

(1) 1. 3,8 4,1 4,6 3,9 22 58 6.4

Schecter et al, Whole blood; pool -091 BSOW
(1992) Nort Viet Nam (82) 2.2 4,1 3.7 13.4 4,8 25,5 132 15

South Viet Nam (383) 14,6 9.1 7,5 33.8 9.4 87,3 696 36

Schecter et al, Blood 91-92 BSOW
(1995) South Viet Nam (433) 12,9 8.0 6,6 29.9 8.3 772 616 31.

Central Viet Nam (183) 13.2 16.3 13,0 46,2 13.4 78,1 751 50
Nort Viet Nam (82) 2,2 4.1 3,7 13.4 4,8 25,5 132 15.3

Le et al. (1995) Blood; pool BSOW
Nort Viet Nam (133) 91 pool 2,7 - - - - - - 15.2
Miltar region 1 (315) 91-92 12,8 - - - - - - 56.4
Milia region II (176) 91-92 4,2 - - - - - - 30.6
Milia region II (1443) 91-92 12,1 - - - - - 34,5
Milia region IV (569) 91-92 8,05 - - - - - - 27.4

Data presented are arthmetic means and, if available, '" standard deviation, with range in parentheses, unless otherwise indicated, Levels of congeners not detected at a known detection limit (for example, 4,2 nglg) are
presented as -0 4.2 when detection limit is given,
Explanation for analytical methods: Ail analyses use high-resoJution gas chromatography: B, high-resoJution mass spectromeii; C, 10w-resoJution mass spectromeii; J, isomer-specific; 0, others; N. no information;
S, sophisticated c1ean-up; R, reduced c1ean-up; W, WHO-accepted laboratory; -, not reported; ND, not detected; +, contains 50% of detection limit; LC. lipid content; pos" positive; S, south; N, north; C, control;
( J Calculated by the Working Group
'Overlap between these studies
. Detection limit, ,. 2-3 nglg
'WW, weight-based
'Contained also 22 nglg i,2,3,4,6,7,9-HpCDD
'PCDD-l-TEQ only
fNordic TEQ

'50 fishermen and 150 controls for the 3 groups
'Mean level, ND are inc1uded at 1 nglg (half the detection limit)
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Ryan et al. (1985c) analysed 46 and 10 adipose tissue samples originating from
people who had died accidentally in 1976 and 1972, respectively, in Canada for varous
reasons, as well as 10 others from deceased hospital patients. Total PCDD levels were
about an order of magnitude higher than total PCDFs. PCDD levels increased with
increasing chlorination from 2,3,7,8-TCDD (average, 5-13 ng/kg) to OCDD (average,
528-1355 ng/kg). Only the penta-, hexa- and hepta-CDF congeners were detected at
these levels (10-60 ng/kg); TCDF and OCDF were not detected.

Human adipose tissue samples obtained during autopsies in five Canadian muni-
cipalities within the Great Lakes basin (Cornwall, London, St Catherine' s, Welland,
Windsor) were analysed for PCDDs and PCDFs (LeBel et aL., 1990). The mean congener
levels for male and female donors in each municipality were similar to those previously
reported. The ages of the 40 men ranged from 29 to 83 years (mean, 63 years) and that of
the 36 women from 12 to 88 years (mean, 69 years). No significant differences in
congener levels between male and female donors or between municipalities were
detected. However, in four cases, the values for women were 15-45% higher than the
corresponding values for men. AdditionalIy, a positive correlation with age was observed
for the levels of several congeners as well as for the 1- TEQ.

ln connection with the forestry industry, there has been concern that by-products of
pulp and paper production and chlorophenol fungicides used in sawmills may result in
residents being environmentally or occupationally exposed to PCDDs/PCDFs. To
examine this possibility, PCDD and PCDF levels were measured in the adipose tissue of
41 British Columbians selected to match the age and sex distribution of the exposed
population. The group consisted of 18 men and 23 women. The mean age of the subjects
was 45 years (range, 18-77 years) and the mean weight was 96 kg (range, 50-193 kg).
The mean of the 41 samples was 29.1 ng I-TEQ/kg (range, 8.4-56.4). The highest
2,3,7,8-TCDD level measured was 9.2 ng/kg (lipid-based) (Teschke et aL., 1992).

Ryan (1986) examined the relationship between the PCDD/PCDF level and age
(between 14 and 76 years) in 46 Canadian individuals.

(c) China

Human adipose tissue from seven patients (four men, thee women; mean age, 54
years) undergoing general surgery in Shanghai was analysed by Ryan et al. (1987).
Compared with data from other countres, the values were low. At a detection limit of
2.0 ng/kg (based on wet weight), no 2,3,7,8-TCDD was found.

ln connection with a study to examine the exposure of agricultural workers to PCP
(for snail control) and PCDDs/PCDFs, Schecter (1994) reported data on two pooled age-
matched control groups. For the two groups from the general population, very low blood
concentrations of PCDDs/PCDFs were found at 4.8 ng I-TEQ/kg (age, 15-19 years) and
5.7 ng/kg (over 40 years), respectively. These are consistent with values found in
mothers' milk (see Section 1.4(b)).
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(d) Finland

ln a study of pulp and paper mill workers in Finland (Rosenberg et aL., 1995), a
comparson group with no known exposure was analysed. This control group consisted
of 14 persons with a mean age of 41 years (range, 28-60 years). The mean total I-TEQ
level in plasma was 49 ng/kg (range, 20-99 ng/kg) (see Section 1.3.1(a)(iv)).

(e) France

The levels of PCDDs and PCDFs in adipose tissue from eight persons living in Pars
were reported by Huteau et aL. (1990a). Most of the 2,3,7,8-substituted isomers were
found, in sorne cases at unexpectedly high values (2,3,7,8-TCDF, 1,2,3,7,8":PeCDF and
2,3,4,7,8-PeCDF). Surprisingly, non-2,3,7,8-substituted isomers were also reported at
relatively high values (TCDFs, TCDDs, HpCDFs). (Sample contamination cannot be
excluded.)

if Germany

The first German data on background levels of PCDDs in human adipose tissue were
reported by Beek et al. (1989b). Concentrations in 20 unexposed individuals (mean age,
50 years) were used for comparson in a study of 45 occupationally exposed employees
at a chemical plant in Hamburg. The values for the comparson group ranged between 18
and 122 ng I-TEQ/kg (mean, 56 ng/kg).

No correlation was seen between adipose tissue or liver concentrations and age or sex
in 28 subjects aged between 26 and 80 years (Thoma et aL., 1989, 1990). Large diffe-
rences in the concentrations of PCDDs and PCDFs between adipose and liver tissues
were demonstrated for most of the isomers (see Table 26). Thoma et aL. (1990) also
reported concentrations of PCDDs and PCDFs in adipose tissue from eight infants (age
2-12 months). The levels were lower than in adults for nearly all isomers.

Background data on PCDDs and PCDFs in human blood from Germany published by
Päpke et al. (1989b) have been updated since 1991 by varous authors (see Table 27).
The results suggest a decrease in PCDD/PCDF blood levels in Germany over the past
decade.

Age-related increases in blood levels of most of the PCDD congeners and the I-TEQ
have been reported (Sagunski et aL., 1993; Schrey et al., 1992; Päpke, 1996).

The Kieselrotstudie (Wittsiepe et aL., 1993) was designed to assess the degree of
exposure to PCDDs and PCDFs in 56 persons living in the vicinity of a former copper
smelter located in Marsberg (see monograph on PCDFs in ths volume; Section 1.3.2(c)).
The copper smelter was in operation until 1945. ln 1991, high levels of PCDDs/PCDFs
were found in materials from the slag dumps (10-100 Jlg I-TEQ/kg). The median I-TEQ
values of the Marsberg group (43.2 ng/kg blood lipid) and the reference group from
Steinf (43.0 nglg blood lipid) were similar, whereas the mean of the Marsberg group

(52.7 nglg) was higher than that of the control group (44.4 nglg).

Near a metal reclamation plant in Baden- Würtemberg, Rastatt, PCDD/PCDF conta-
mination of soil, dust from homes, indoor ai and vegetables was investigated in 1987.
Blood samples from 22 volunteers living in the vicinity of the plant were analysed for
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PCDDs and PCDFs. Levels of certain Pe-, Hx- and HpCDF isomers were increased, in a
similar pattern to the contamination throughout the area. The increase in PCDD/PCDF
levels was traced to occupational exposure in the case of workers and to food intake in
the other cases. For children (four samples), soil and/or dust ingestion may be a pathway
of special importance (Wuthe et al., 1990).

Table 26. Concentrations of PCDn isomers
in adipose and Iiver tisues of German aduIts
and adipose tissue of inants

Compound Adult; ratio
liver : adipose

Adipose tissue;
ratio inant : adult

TCDD
PeCDD
HxCDD
HpCDD
OCDD

2.05
1.22
1.76
9.39

11.83

0.55
0.30
0.23
0.23
0.19

From Thoma et aL. (1989, 1990)

Table 27. Time trend in background data on concen-

trations of PCDDs/CDFs In human bloo

Reference Collection
year

No. Mean 1- TEQ nglg,
lipid-based

Päpke et aL. (1989b)
Päpke et al. (1992)
KieseIrotstudie (1991)
Päpke et al. (1993b)
Schrey et aL. (1992)
Päpke et aL. (1994b)
Päpke et al. (1996)
Päpke et aL. (1996)

1988
1989-90
1991
1992
1991
1993
1994
1996

10
102
56
44
95a
70
134
139

(45.8)
40.8
44.4
26.0
42.7
21.7
19.1
16.1

.Contans 56 samples from KieseIrotstudie (1991)

(Calculated by the Working Group)

ln Rheinfelden in southern Germany, soil concentrations of PCDDs/PCDFs of up to
approximately 1000 ng German TEQ/kg were found. The source of contamination of the
soils was identified as residues from a PCP production process. Locally produced food,
such as eggs, chicken and vegetables, with high PCDD/PCDF levels were reported to be
an important source of elevated human levels. Good agreement between human blood
and milk concentrations was demonstrated in one woman (Wuthe et al., 1993).

PCDD/PCDF levels were determned in the venous blood of 21 allotment gardeners
from Duisburg (Ewers et al., 1994). Soil analysis showed elevated levels of PCDDs/-
PCDFs in garden soil (range, 16.4-77.6 ng I-TEQlkg). Vegetable plants also had
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elevated levels (up to 65.6 ng 1- TEQ/kg). The mean 1- TEQ of 44.3 ng/kg (range, 29.2-
81.1 ng/kg) in blood fat of the gardeners was within the range of a control group.

ln seven breast cancer patients without known occupational exposure to PCDDs/-
PCDFs, the levels of PCDD/PCDF congeners in mamar carcinoma tissue were not
elevated above the concentrations in tumour-free tissue (Körner et al., 1994).

PCDD/PCDF levels in varous organs from infants were measured by Beck et aL.
(1990, 1994). Adipose tissue, liver, spleen, thymus and brain from eight infants (age,
3-23 months) who had mostly died from sudden infant death syndrome were analysed.
Five of the infants had been breast-fed exc1usively for between 21 and 91 days. The
lipid-based PCDD/PCDF levels in liver, thymus and spleen were higher than those in
adipose tissue. Very often the concentrations were below the detection limits. The lowest
levels were found in brain.

Elimination of PCDDs/PCDFs through the faeces was studied in a three-month-old
breast-fed infant (Jödicke et aL., 1992). Little excretion of C14-C16 congeners was found.
The data suggest that more than 90% had been absorbed by the infant. However,
1,2,3,4,6,7,8-HpCDD as well as OCDD were found to be highly concentrated in stool fat
(by a factor of 5-12 over the concentration in milk fat).

(g) Guam

Schecter et al. (1992) reported a mean PCDD/PCDF level of 28 ng I-TEQ/kg in blood
samples from 10 residents of the Pacifie island of Guam. This was suggested to be due to
consumption of food mainly imported from the United States and Japan. (A local source
cannot be exc1uded.)

(h) Japan

ln adipose tissue from six individuals 20-70 years old in Japan collected in 1984
(Ryan, 1986), the mean 2,3,7,8-TCDD concentration was 6.6 ng/kg and that of OCDD
1360 ng/kg.

Thireen samples of human adipose tissue from cancer patients were analysed for C14-
CL8 PCDDs and PCDFs (Ono et al., 1986). These compounds were identified in all of the
analysed samples. 2,3,7,8-TCDD concentrations ranged from 6 to 18 ng/kg.

ln a large study, more than 500 human milk and 17 adipose tissue samples were
analysed for PCDDs (Ogak et al., 1987). Adipose tissues from inhabitants of a large city
and its suburbs had higher levels of PCDDs that those of rural towns.

Muto et al. (1991) investigated the tissue distrbution of 2,3,7,8-substituted PCDDs in
humans who died of cancer. The values for OCDD were the highest in each organ and
tissue. AlI data were wet weight-based, and no lipid concentrations for the tissues were
reported.

(i) The Netherlands

Intake and faecal excretion of PCDDs/PCDFs in breast-fed infants at a range of ages
were studied (Pluim et aL., 1993a). ln thee totaly breast-fed infants, the amount of
PCDDs/PCDFs consumed via breast milk and excreted in the stools was measured at the
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ages of four, eight and 12 weeks. Intake was high, especially at the age of four weeks
(mean, 257 pg/kg bw). A strong decline was observed in the second month, mainly due
to a reduction in PCDD/PCDF concentrations in whole breast milk as a result of reduced
fat content. With the exception of OCDD, faecal excretion of the congeners was below
5% of their intae, indicating a bioavailabilty of more than 95% froID breast milk. No

influence of age on faecal excretion of PCDDs/PCDFs during the first three months of
life was observed.

(j ) New Zealand
ln a study to determne whether blood serum levels of 2,3,7,8- TCDD in a group of

professional 2,4,5- T applicators in New Zealand were greater than those of a matched
control group not involved in 2,4,5-T spraying, the mean level of 2,3,7,8-TCDD in the
control group was 5.6 ng/kg :t 1.1 (standard error) (Smith et aL., 1992a) (see Section
1.3. 1 (a)(ii) and Table 17).

(k) Norway

PCDDs/PCDFs have been analysed in hUilan blood in relation to consumption of
crabs from a contamnated fjord area in Norway (Johansen et al., 1996). The analyses
were performed in three different groups: reference, moderate crab intake and high crab
intake (age between 40 and 54 years). A significant increase in blood levels of IDany
PCDD and PCDF congeners was found in crab consumers; the differences were greatest
for several of the PCDFs that are characteristic of the contamnation of marne biota in
the fjord caused by a magnesium-producing plant. Almost all subjects in the high-intake
group exceeded the tolerable weekly intake of 35 pg 2,3,7,8-TCDD/kg bw per week
proposed by the Nordic Expert Group (see Section 1.5).

(l) Poland

Changes over time in PCDD/PCDF levels in the adipose tissue of a person with long-
term exposure to PCP were studied (Górski et aL., 1984). The analyses, performed by
GC-ECD, yielded half-lives of 1,2,3,6,7,8-HxCDD, 3.5 years; 1,2,3,4,6,7,8-HpCDD, 3.2
years; OCDD, 5.7 years; 1,2,3,4,6,7,8-HpCDF, -c 1.7 years; OCDF, 1.8 years.

(m) Russian Federation

Schecter et al. (1992) found PCDD/PCDF concentrations in pooled blood samples
from Baikalsk (eastern Siberia) and St Petersburg to be 18 and 17 ng I-TEQ/kg,
respectively. Levels of OCDD were very low (57 and 89 ng/kg, respectively).

(n) Spain

Jiménez et al. (1995) measured the blood levels of PCDDs and PCDFs from 11
individuals (age, 19-55 years) living in Madrd. The mean totallevel of PCDDs was
515.3 ng/kg, ofwhIch 1.5 ng/kg was 2,3,7,8-TCDD.
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(0) Sweden

After Rappe et al. (1983) found elevated PCDD/PCDF levels in the blood of occupa-
tionally exposed workers (chlorophenol workers, textile workers), samples from the
general population in Sweden were analysed. Levels of all higher cWorinated (C14-Cig)

PCDDs and PCDFs in adipose tissue were measured (Rappe, 1984b). The samples origi-
nated from patients undergoing cancer or gall bladder surgery. It was concluded that the
low ng/kg levels for tetra- to octa-CDDs/CDFs represented typical contamination of the
general population.

ln a continuation of this study (Nygren et al., 1986; Rappe et al., 1986a), PCDD/-
PCDF patterns in adipose tissue from a group of 17 cancer patients and a group of 14
controls were compared. No difference was seen in the pattern of congeners between the
two grouPS.

ln order to study the influence of diet on the body burden of PCDDs/PCDFs, blood
from three different Swedish groups was analysed (Svensson et al., 1991; Rappe, 1992):
Group 1, with no fish consumption (persons suffering from an allergy); Group 2, with
normal fish consumption (around 50 g/day); and Group 3, with high fish consumption
(~ 100 g/day). Group 3 had a body burden, calculated as TEQ, approximately three times
higher than Group 2. Group 1, however, had only slightly lower blood levels of
PCDDs/PCDFs than Group 2. The dominant congener among the tetra- and penta-chlori-
nated congeners was 2,3,4,7,8-PeCDF. The difference between the thee groups was also

highest for this paricular congener, which is also the major congener In fish from the
Baltic Sea (see Section 1.3.2(d)). The mean PCDD/PCDF values for Groups 1, 2 and 3
were 17.5,25.8 and 63.5 ng I-TEQ/kg, respectively.

Ths study was extended to cover the main fishing areas in Sweden (Svensson et aL.,
1995a) and assessed dietar habits and exposure to selenium, persistent organochlorine

compounds, inc1uding PCDDs/PCDFs, methylmercury and methylaines among
Swedish fishermen. The interview data showed that 250 fishermen ate almost twice as
much fish as the 250 referents from the general population. Fishermen from the Baltic
Coast ate more fatty fish than fishermen from the Atlantic Coast, and they also had
higher blood levels of persistent organochlorine compounds such as PCDDs/PCDFs than
both the Atlantic Coast fishermen and the referents.

Measurements of PCDD/PCDF concentrations in adipose tissue from seven patients
with malignant lymphoproliferative diseases and 12 surgical patients without malignant
disease showed significantly higher concentrations of 1,2,3,7,8-PeCDD, 1,2,3,6,7,8-
HxCDD and 2,3,4,7,8-PeCDF in the cases with lymphoproliferative dIseases than in the
patients in the other group (Hardell et aL., 1995). Nordic TEQ values also were signi-
ficantly higher in the first group (mean, 64.7 ng/kg; range, 19.9-187) than in the second
group (mean, 29.7 ng/kg; range, 12.9-53.4).

(P) Switzerland

Wacker et al. (1990) analysed liver and adipose tissue samples of 21 Swiss
inhabitants (age, 15-85 years; mean, 47 years) for PCDDs/PCDFs. AIl values were
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reported on a wet weight basis. Table 28 shows the concentration ratios between adipose
tissue and Ii ver. No correlation between age or weight and tissue levels was detected.

Table 28. Concentration ratios (wet
weight-based) of PCDDs in adipose
and Iiver tissue of Swis Inabitats

Congener Adipose: liver SD

1,2,3,7,8-PeCDD 21.1 6.6
1,2,3,4,7,8-llCDD 14.6 6.8
1,2,3,6,7,8-llCDD 13.8 6.1
1,2,3,4,6,7,8-HpCDD 2.4 0.9OCDD 2.4 0.8
From Wacker et aL. (1990)

(q) United Kingdom

PCDD/PCDF background levels were measured in pooled human adipose tissue
samples from five areas in Wales (Duare-Davidson et al., 1993). With the exception of
OCDF, which was found at unexpectedly high values in aH pooled samples (36-62
ng/kg), the concentrations were similar to those in other industralized countres. 2,3,7,8-

TCDD and 2,3,7,8-TCDF were not detected at detection limits of 10 ng/kg.

(r) United States

Six samples from both biopsy and autopsy fat taken in 1983-84 from New York State
residents were analysed (Ryan et aL., 1985c). PCDDs and PCDFs were found in aIl
samples with total (C14-Clg) PCDD levels about an order of magnitude higher than total

(Cls-C17) PCDFs. PCDD levels increased with increasing cWorination froID tetra- (mean,
6.4 ng/kg) to octa-CDD (mean, 585 ng/kg). Only the penta-, hexa- and hepta-PCDF
congeners were detected, at levels that were of the same order of magnitude. TCDF and
OCDF were absent.

The tissue distrbution of PCDDs and PCDFs was studied in thee autopsy subjects
from the general population of New York State (Ryan et aL., 1986). These were the first
reports to show that several 2,3,7,8-chlorine-substituted PCDDs/PCDFs are present not
only in adipose tissues from the general population, but aIso in all other tissues assayed.
The ratios of the PCDD/PCDF congeners to each other were similar in each tissue, with
overall leve1s on a wet weight basis decreasing in the order fat, adrenal, bone marow,
liver, muscle, spleen, kidney and lung. If the levels are expressed on a lipid basis rather
than on a wet weight basis, liver had the highest value and the varation between tissues
showed only a two- to four-fold difference.

Schecter et al. (1986a) reported PCDD/PCDF levels in adipose tissue of eight control
samples from Binghamton, NY.Ali values were based on wet weight. The 2,3,7,8-
TCDD levels ranged between 1.4 and 17.7 nglg. HpCDDs and OCDD were found at
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mean values of 164 and 707 ng/kg, respectively, with maximum values of 691 and 1931
ng/kg, respectively.

Patterson et al. (1986a) reported 2,3,7,8-TCDD levels in 61 adipose tissue samples
from 35 autopsy cases from Georgia and Utah. The geometrc mean for these samples on
a wet-weight basis for 2,3,7,8-TCDD was 7.1 ng/kg. The geometric mean of values for
2,3,7,8-TCDD in 31 ofthese samples on a lipid basis was 9.6 ng/kg. On the basis of the
wet-weight adipose concentrations, the authors concluded that concentrations of 2,3,7,8-
TCDD increased with age in both sexes. There was no significant difference in the
concentration of 2,3,7,8-TCDD between blacks and whites, and women had a slightly
higher (2 ng/kg) mean concentration than men.

Analysis for C14-Clg PCDDs/PCDFs was pedormed for 46 adipose tissue samples
prepared from the United States Environmental Protection Agency National Human
Adipose Tissue Survey (NHA TS) as composites from over 900 specimens to represent
the nine United States census divisions and three age groups (0-14, 15-4 and ~ 45
years) (Stanley et aL., 1986). The results demonstrate that PCDDs/PCDFs are prevalent in
the general United States population and that differences exist with age. Only means and
ranges of aIl data were reported.

Stanley et al. (1990) also found a decrease in 2,3,7,8-TCDD with time in a subset of
the NHATS adipose tissue samples (age group, 15-4 years) collected between 1971 and
1987 (see Table 29).

Table 29. Diferences in 2,3,7,8-TCDD levels
in adipose tissues by year of sample collec-
tion in the United States

2,3,7,8-1lC:i)i)

(nglg lipid)
C:ollection
year

Remark

~ 18

~ 14.5

~ 10.5

~ 9.5

~ 8
~ 4

1971-73
1974-76
1977-79
1980-82
1982
1987

Individual specimen
Individual specimen
Individual speimen
Individual speimen
C:omposite speimen
C:omposite specimen

Adapted by the W orking Group from Staey et aL.
(1990)

ln an interim report, Patterson et al. (1986b) described high concentrations of 2,3,7,8-
TCDD in adipose tissue from pers ons (mean age, 52.6 years) exposed recreationaly,
residentially and occupationally in a higWy contamnated area in Missouri, compared
with 57 controls. The geometrc and arthetIc means were 6.4 and 7.4 ng/kg (wet
weight-based), respectively, with a range of 1.4-20.2 nglg.

The Missouri study control group (Patterson et al., 1986b) was expanded in 1989 by
128 persons with no known exposure (Andrews et al., 1989): adipose 2,3,7,8-TCDD
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levels ranged from non-detectable to 20.2 nglkg, with 95% of the levels at 16.6 ng/kg or
below.

Patterson et al. (1994) analysed adipose samples originating from Atlanta, GA, in
1984-86. They found mean 2,3,7,8-TCDD concentrations for men and women of
7.4 nglkg and 11.6 nglkg, respectively. Furter adipose tissue samples were analysed for
all isomers.

Piacitell et al. (1992) compared serum 2,3,7,8-TCDD levels in 280 chemIcal plant
workers with the levels in 99 unexposed referents. The mean serum level for the control
group was 7 nglkg (lipid-based).

A comparson of PCDD/PCDF levels in whole blood, plasma and adipose tissue was
performed by Schecter et al. (1990b) and Päpke et al. (1992). There were few differences
in PCDDIPCDF levels between blood plasma and adipose and also between whole blood
and adipose tissue when reported on lipid basis. The difference was most striking for
OCDD between plasma and adipose tissue, with a ratio of 2 : 1. Tota PCDDs/PCDFs
appeared higher in plasma than in adipose tissue, if reported by actual measurement,

because OCDD is usually the most abundant congener. Comparng whole blood with
adipose tissue, the values were more similar. When TEQs were used, however, the values
were almost identical in the two series. Wendling et al. (1990a) found 2,3,7,8- TCDD
levels in samples of faeces from laboratory workers of between 0.61 and 0.74 ng/kg, dr
weight-based. The fat content of the faeces was not measured. With some assumptions, a
faecal fat 2,3,7,8- TCDD concentration of 3.7 ng/kg was estimated.

PCDDs and PCDFs in adipose tissue of United States Viet Nam veterans and controls
were determned by Kang et al. (1991). The samples were collected in 1978. The geo-
metrc mean (z SD) 2,3,7,8-TCDD levels in adipose tissue for Viet Nam veterans, non-
Viet Nam veterans and civilian controls were 11.7 (z 1.7), 10.9 (z 1.7) and 12.4 (z 1.9)
ng/kg on a lipid weight basis, respectively. The mean levels for these groups were not
significantly different from each other.

The effect of fasting on blood PCDD/PCDF levels was tested in 13 Viet Nam
veterans (Hans son et aL., 1989). Although 2,3,7,8- TCDD levels increased slightly, for no
congener including 2,3,7,8-TCDD was the change statistically significant.

ln connection with analysis of blood samples from varous geographical locations for
PCDDs/PCDFs, Schecter et aL. (1992) reported a total I-TEQ of 41 ng/kg (lipid-based) in
a pooled blood sample (n = 100) from the United States. (The Working Group noted that .
the dates of collection of these samples were not given.)

ln a study by Schecter et aL. (1994b; 1996b), levels of PCDDs/PCDFs in placenta,
blood and fetal tissue were measured. The highest semen levels, reported on wet weight,
were found for OCDD, OCDF and HpCDF. The highest 1- TEQ values (lipid-based) were
found in blood, followed by placenta. The feta tissue contained approximately one thrd
of the 1- TEQ of the adult values.

ln a fuher study of paritioning of PCDDs/PCDFs in human maternal tissues,

including blood, mik, adipose tissue and placenta, Schecter et al. (1996c) collected
samples from five American women (mean age, 21.6 years; range, 21-34 years) residing
in upstate New York and undergoing caesarean section deliveries between September
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1995 and Januar 1996. Blood, placenta and fat were collected at the time of delivery.
The milk and second blood were collected about four to eight weeks later. The lowest
concentrations were found in the cord blood, at about one half of the maternaI adipose
and blood levels. A reduction in PCDD/PCDF levels was observed in the 'second' blood
samples after a breast-feeding period of between four and eight weeks.

PCDD/PCDF levels in two pools of who le blood and serum (n = 100) collected in
1996 were compared with older blood data; a decrease was not clearly shown. The mean
age of the blood donors was not specified (Schecter et al., 1996d).

(s) Viet Nam

2,3,7,8-TCDD was not detected in seven adipose tissue samples from north Viet Nam
(no exposure to Agent Orange) but was found in 10/13 samples from south Viet Nam
(mean level, 34 (range, 9-103) ng/kg). Most of the other chlorinated PCDDs and PCDFs
were found in samples from south Vie! Nam (Schecter et aL., 1986b). A further 27
individual and 10 pooled human adipose tissue specimens, collected from persons in
south and north Viet Nam, respectively, were analysed for 2,3,7,8-TCDD and 2,3,7,8-
TCDF (Schecter et al., 1989c). The mean values were 19 ng/kg 2,3,7,8-TCDD and 7
ng/kg 2,3,7,8-TCDF in the samples from persons in the south; no 2,3,7,8-TCDD or
2,3,7,8-TCDF was detected in samples from persons in the north. Differences in 2,3,7,8-
TCDD body burden continued to be substantial between the populations of south and
north Vi et Nam.

ln 1984-85, adipose tissues were taken from nine patients at a hospital in south
Viet Nam (Nguyen et al., 1989) and analysed for PCDDs/PCDFs. Eight patients had
detectable levels of 2,3,7,8-TCDD ranging from 4 to 103 ng/kg, with a mean of 23 ng/kg.

Effects of geographical conditions and other varables on the distrbution of 2,3,7,8-
TCDD levels in adipose tissues from Vi et Nam have been studied (Hoang et al., 1989).
No 2,3,7,8-TCDD was detected in 10/11 samples from the north (the positive sample
contained 5 ng/kg). ln the south, 2,3,7,8-TCDD was not detected in 4/44 samples and the
mean level was 20.5 ng/kg in the four positive samples.

PCDD/PCDF levels in 27 adipose tissue samples from south Viet Nam were reported
by Huteau et al. (1990b). Besides the usual 2,3,7,8-substituted isomers, they found non-
2,3,7,8-substituted isomers in many samples. (Sample contamnation canot be ex-
cluded.)

ln connection with analysis of blood samples from varous geographicallocations for
PCDDs/PCDFs, Schecter et aL. (1992) reported results for pooled samples from north
Viet Nam (two analyses with a total of 82 persons) and south Viet Nam (nine analyses
totalling 383 persons). The 2,3,7,8-TCDD level and I-TEQ value for samples from nort
and south Viet Nam were 2.2 and 14.6 ng/kg and 15 and 36 ng I-TEQ/kg, respectively.

PCDD levels in persons living at varous localities in Viet Nam were summarzed
(Le et aL., 1995) using data from pooled blood samples. Each sample was obtaned from
30-100 adults over 40 years old, who had been living for more than five years in a given
area. As from 1992, sorne samples were taken froID younger age groups between

18-40 years. The results of 43 analyses (containing blood of 2722 individuals) indicated
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that most of the samples from the south had higher levels of 2,3,7,8-TCDD as well as
1- TEQ than the ones from the north.

ln a study of the persistence of elevated PCDD levels in human tissues from Viet
Nam, Schecter et al. (1995) performed 160 analyses on tissues from 3243 persons.
2,3,7,8-TCDD levels of up to 103 ng/kg were found in adipose tissue collected in the
1980s. Pooled blood collected from south Viet Nam in 1991-92 also showed 2,3,7,8-
TCDD levels up to 33 ng/kg, whereas tissues from nort Viet Nam had 2,3,7,8-TCDD
levels at or below 2.9 ng/kg.

1.4.2 Human milk

There have been a large number of studies of PCDD concentrations in human milk.
Many of the results are shown in Table 30 and summarzed in Table 31.

Only 2,3,7,8-substituted congeners have been found in human milk. The concen-
trations of the individu al congeners present have been shown to be significantly corre-
lated (Van den Berg et aL., 1986a; Beek et al., 1987). Several studies have involved
analysis of quite large numbers of individual samples without pooling, and these results
show inter-individual varation of about a factor of 5 to 10 for most congeners (Beek
et al., 1989c; Frommberger, 1990; Dewailly et aL., 1991; Fürst et al., 1992b; Hashimoto
et al., 1995b; Liem et al., 1995).

Fürst et aL. (1989, 1992b) and Beek et al. (1992) have both shown, by statistical ana-
lysis of their results, that the concentrations of PCDDs in human milk decrease as the
period of breast-feeding increases, and decrease significantly for successive breast-fed
children. Fürst et al. (1992b) found the summed I-TEQ concentration of PCDDs and
PCDFs for the third breast-feeding period to be about 75% of that for the first, while
Beek et al. (1992) reported a corresponding reduction to 57%. ln Japan, Hirakawa et al.
(1995) found that a small group of multipara donors had an average summed 1- TEQ level
about 10% lower than that for primipara donors.

Beek et al. (1992) found that mean PCDD and PCDF levels in six mothers on a vege-
taran diet were slightly lower than the mean of a larger control group. Pluim et al.
(1993b) concluded that there was a direct relationship between the amount of animal fat
consumed and the PCDD/PCDF concentrations in breast milk. Short-term dietar
measures to reduce PCDD/PCDF intae have been found, however, to have no effect on
human milk concentrations (Pluim et al., 1994a).

Many of the data included in Table 30 were obtained in studies coordinated by the
World Health Organzation European Centre for Environment and Health and involved
the following selection criteria (Yijäneik, 1989; WHO, 1996):

- donors should be primiparae;

- both mother and child should be apparently healthy, and the pregnancy should

have been normal;

- the mother should be breast-feeding one child only (i.e., no twins);

- mothers who had resided outside the area for more than six months durng the last
five years should be excluded;
only mothers who were exclusively breast-feedig should be included.









-l'Table 30 (contd) 0\

Reference Origin No. ColL. Concentration (ng/kg fat)
period

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF

2378 12378 123478 123678 123789 1234678

Abraham et aL. Faeroe Islands; pool 9 1994- 0.8 2.9 3.3 11 lA 9.2 64 6.7
(1995b)

Y ijäneik Finland, Helsink; pool 38 1986-88 2 5.6 0: 0.5 36 7 49 154 18 -
(1989) (WO criteria) ~
WHO (1996) Fin1and, Helsink; pool 10 1992-93 2.3 6.9 2.6 34.7 50.1 238 21.5

n
5.9 ~(WHO criteria) 0

y ijäneik Fin1and, Kuopio; pool 31 1986-88 1.8 5.6 0:0.5 22 5.8 28 113 (15.7) Z0(1989) (WHO criteria) 0
WHO (1996) Fin1and, Kuopio; pool 24 1992-93 1.2 3.9 lA 24.5 3.7 29.2 131 12

~(WHO criteria) ::
González et aL. France, Pars 15 1990 2.4 6.6 25.9 56 290 20.1 en

(1996) .c0
Beck et aL. Gennany (pripara) 34 - 4.3 13 10 48 9.7 56 292 33 t"

c:(1992a) ~
Beck et aL. Gennany (multipara) 23 3.1 10 9.6 39 7.9 44 252 25.6 tr-

0\
(1992a) \0
Beck et aL. Gennany (multipara) 6 - 2.3 7.8 6.6 28 5.8 32 187 18.9
(1992a)

Frommberger Gennany, Baden-Würtemberg 490 1988-89 4.2 10 9.2 32 6.6 61 503 (36.2)
(1990)

Beck et aL. (1987) Gennany, Berlin 30 - 304 15 12 59 11 61 530 (32.6)
Beck et aL. Gennany, Berlin 35 - 3.5 15 12 57 11 60 500 (33)
(1989c)

y ij äneik Gennany, Berlin; pool 40 1986-88 3.3 14 12 57 10 44 210 (32.1)
(1989) (WHO criteria)



Table 30 (contd)

Reference Origin No. ColL. Concentration (ng/kg fat)
period

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF

2378 12378 123478 123678 123789 1234678

""WHO (1996) Germany, Berlin; pool 10 1992-93 2.2 7.1 6.3 21.6 5.1 23.4 164 16.5 0i:(WHO criteria) ~
Beck et al. Germany, Flensburg 6 4.1 12 7.3 46 8.3 41 200 (31.6)

n-
p(1989c) (Baltic coast)
0Fürst et al. (1989) Germany, Nort Rhne 189 1985-88 2.9 9.9 7.6 31.2 6.6 44.7 195 (27.5) ~Westphalia Z
~Fürst et aL. Germany, Nort Rhine 526 1986-91 3.2 10.1 8.4 35.8 6.4 41.2 208 29.3 ~(1992b) Westphalia
0Yrjäneik Germany, Nort Rhne 79 1986-88 2.7 11.8 8.6 35.2 7.5 50.6 224 (31. 8) 0

(1989) Westphalia; pool; pripara
63

(WO criteria) ~Yrjäneikk Germany, Oldenburg; pool 35 1986-88 3.3 7.2 9.6 40 8.8 49.8 255 (35.4)
N0(1989) (WHO criteria) ~
;:Beck et al. Germany, Recklinghausen 10 - 3.9 12 13 46 8.3 45 260 (30.6) ¡:(1989c) (indus tral area) 10""y rjäneik Germany, Recklinghausen; pool 23 1986-88 3.8 14 9.7 45 7.6 42 170 32.8 0

(1989) (WHO criteria) ~
ZBeck et aL. Germany, Rheinfelden; pool; 9 - 4.5 16 13 54 12 79 441 (36.9) CI

(1989c) rual areaICP manufacture

Beck et aL. Germany, Weiden; rural area 14 1986-88 3.7 12 9.3 44 9.6 60 264 30.1
(1989c);
y rjäneik
(1989)
Wuthe et al. Germany, one woman 1 1992 2.1 5.9 39.3 39.5 199
(1993)

"'
N--
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Reference Origin No. ColL. Concentration (ng/kg fat)
period

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF

2378 12378 123478 123678 123789 1234678

"'Alawi et aL. Jordan, 11adaba; pool 4 to 6 1994 .. 11 55 11 11 11 96 147 (110) 0l'(1996b) ~
()

Alawi et al. Jordan, Zarka; pool 4to 6 1994 ..2.6 6.1 .. 2.6 9.6 .. 2.6 14 29 (11.4) ::
l'(1996b) 0~Petreas et aL. Kazaksta (WHO criteria) 40 .. 1996 13.6 4.45 1.5 4.01 1.4 10 112 20.1 ..
Z(1996) ;¡

WHO (1996) Lithuania, Anykshchiai; pool; 12 1992-93 5.5 3.6 3.6 3.8 1.2 5.7 32.7 14.4
'"
tT

rural area (WO criteria) Ci
CiWHO (1996) Lithuania, Palanga; pool; coastal 12 1992-93 4.8 3.4 1.9 4.5 1.4 5.1 21. 16.6 ..t:area (WHO criteria)
tT

WHO (1996) Lithuania, Vilnius; pool; urban 12 1992-93 5.4 2.8 1.8 4.7 1.5 7.2 39.5 133
Z
N

area (WO criteria) 0
1

"\Liem et al. (1995) Netherlands (prirnpara) 103 1993 3.1 8.1 8.6 37.1 6.9 44.9 295 23.5 ~
~y ijäneik Netherlands; pool; urban area 13 1986-88 5.2 18 10 75 11 112 627 39.6 1

Ci(1989) (WHO criteria) ..0
y rjäneik Netherlands; pool; rural area 13 1986-88 5.4 17 10 72 7.6 82 545 37.4 ;X..
(1989) (WHO criteria) Z

C/
Pluim et al. Netherlands, Amsterdam 3.8 10.6 1. 49.1 6.5 54.3 297.5
(1992, 1993c,

1994)

Koopman- Netherlands, 4.0 10.6 8.7 47.4 6.7 63.2 799.6
Esseboom et al. RotterdamlGroningen
(1994)

WHO (1996) Netherlands; pool (WHO criteria) 17 1992-93 2.9 7.6 7.9 35.6 6.8 46.1 324 22.4 -
N
\0



-
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Table 30 (contd)

0Reference Origin No. ColL. Concentration (ng/kg fat)
period

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF2378 12378 123478 123678 123789 1234678

Tuinstra et al. Netherlands, 168 - - - 30
(1995) Groningen/otterdai; collected

at 10 and 42th day after delivery

~

y rjäneik Norway, Hamar; pool; rural area
10 1985-86 2.5 4.7 18.8 4.9 40.3 150 (14.8)

(1989) (WHO criteria)

(JWHO (1996) Norway, Hamar; pool; rural area 10 1992-93 1.8 2.8 1.6 9.2 2.4 17.4 116.7 9.3 ~0
(WO criteria)

Z
Clench-Aas et al. Norway, Skien-Porsgrnn; Mg

10 1985-86 2.7 5.0 20.3 3.2 36.6 156 (19.2) 0

§

(1992) production (WO criteria)

WHO (1996) Norway, Skien-Porsgrunn; pool; 10 1992-93 2.1 3.8 1.9 10.7 3.5 19.1 112 12.5 ~
indus tral area (WHO criteria)

en
~

Clench-Aas et al. Norway, Tromsø; pool; coastal
11 1985-86 2.9 4.7 19.2 4.7 36 155 15.9 0(1992) area (WHO criteria)

l-

~

WHO (1996) Norway, Tromsø; pool; coasta1
10 1992-93 2.4 3.1 1.4 9.3 2.4 15.7 86.9 10.1

area (WO criteria)

0'
Buckland et aL. New Zealand, Auckland

11 0: 1990 4.6 6 26 \05.1 53 200 15
(1990a) (WHO criteria)
Buckland et aL. New Zea1and, Chrstchurch 9 0: 1990 5.7 8.2 34 6.3 51 240 19
(1990a) (WHO criteria)
Buckland et al. New Zealand, N. Canterbury

8 0: 1990 5.6 8.4 38 7.2 53 220 19
(1990a) (WHO criteria)
Buckland et aL. New Zealand, Nort1and 9 0: 1990 4.7 6.8 39 5.5 51 180 17
(1990a) (WHO criteria)
Schecter et al. Pakstan; pool 7 - 3.3 5.2 15.3 4.8 40.7 180 12.6
(1990e)



Table 30 (contd)

Reference Origin No. Coll. Concentration (ng/kg fat)
period

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF

2378 12378 123478 123678 123789 1234678
"'Yijäneik Poland; pool (WHO criteria) 5 1986-88 3.6 6 3 11 6.5 30.9 250 (21.) 0~(1989) ~
(JWHO (1996) Russian Federation, 1 1993 4.7 4 3.8 5.6 1. 7.9 35.9 15.2 PArkhangelsk; pool 0

Schecter et al. Russian Federation, Baialsk; 5 1988-89 2 2.7 0.9 4 0.7 5 30 10.4
~(1990t) pool

~
Schecter et al. Russian Federation, Irkutsk; pool 4 1988-89 1.9 3.6 1.6 6.1 2 6.9 48 17.3
( 1990f) ci
Schecter et al. Russian Federation, Kachug 4 1988-89 2.5 2.2 1 4.4 1. 6 33 9.29 ci

63(1990t)
tr

WHO (1996) Russian Federation, Karhopol; 1 1992-93 1.9 1.6 0.7 1.9 0.5 1. 9 5.9 Z
Npool 0

Polder et al. Russian Federation, Kola 30 1992-93 - 15.8 'i- - - - - - $:
(1996) Peninsula i3

1

Schecter et al. Russian Federation, Moscow 1 1988-89 8.7 6.3 4 14 1.8 16 88 20.6 ci~
(1990f) 0

~
Schecter et al. Russian Federation, Novosibirsk; 10 1988-89 3.4 3.9 2.2 6.6 1.2 11 68 11.9 Z
(1990t) pool C/

WHO (1996) Slovaka, Michalovce; pool 10 1992-93 1. 2.4 1.5 5.5 1.3 7.2 30.2 15.1
(WHO criteria)

WHO (1996) Slovaka, Nitra; pool 10 1992-93 1.5 2.7 1.8 7.8 2 13.6 57.6 12.6
(WHO criteria)

Schecter et al. South Africa; Black; pool 6 - 1.2 3.9 21. 6.1 51. 196 8.3
(1990e) -

w-





Table 30 (contd)

Reference Origin No. Coll. Concentration (ng/kg fat)
period

TCDD PeCDD HxCDD HpCDD OCDD I-TEQ
PCDD/PCDF

2378 12378 123478 123678 123789 1234678

'i
Weare et al. UK, Glasgow (WHO criteria) 20 1993-94 3.1 8.6 9.6 27 6.4 40 170 21 0

t"(1996) ~
Starin et al. nUK, Sutton Co1dfield 50 1987~ 6.5 14 67 10 76 303 37

P(1989) (WHO criteria) 0Weare et aL. UK, Birnngham 20 1993 3.5 9 9.2 27 6.5 31 130 21 ¡o
(1996) (WHO criteria) Z

;iWHO (1996) Ukaine, Kiev; pool 5 1992-93 2.8 2.4 1.9 3.9 1.4 6.6 40.2 11.0 ~
tT(WHO criteria) U

WHO (1996) Ukaine, Kiev; pool 5 1992-93 4.8 2.7 1.6 3.5 1. 3.6 24.4 13.3 U
(WHO criteria) 63

tT
Schecter et al. USA 42 1988 3.3 6.7 4.95 30.5 6.2 42 233 ( 16.6) Z

N(1989d) 0
Schecter et al. USA, Tennessee; pool 9 - 2.5 6.8 38.2 9.6 59.6 234 14.6 ~

ï:
(1990e) i:

1
Schecter et al. Viet Nam, Binh Long; pool 4 NR 2.8 6.9 17 4.4 37.9 146 14.5 U-
(1990e) 0

~Schecter et aL. Viet Nam, Da Nang 11 1985-90 5.6 15 5.1 22 11 55 292 34 Z(1991b) CI

Schecter et aL. Vi et Nam, Dong Nai 11 1985-90 10 7.2 2.1 10 4 28 119 26
(1991b)

Schecter et al. Viet Nam, Hanoi 30 1985-90 2.1 2.9 1.8 5.2 1.8 11. 78.3 9
(1991 b)

Schecter et aL. Viet Nam, Ho Chi Minh 38 1985-90 7.1 6 2.9 15 4.2 36 231 18.5
(1989d) -

ww
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Table 31. Summary of concentrations (nglg fat) of PCDDs In hUIDan nulk (as
reported in Table 30)

TCDD PeCDD HxCDD HpCDD OCDD Total TEQ
(PCDDs/

2378 12378 123478 123678 123789 1234678
PCDFs)

Mean 3.4 7.2 5.0 26 5.4 39 180 20
Minimum 0.3 1 0.5 1.1 0 1.5 9 3.1
5th percenti1e 1.03 1.71 0.83 3.9 1.1 6.17 30.11 8.16
25th percentile 2 3.68 1.9 10.25 2.3 15.93 89.5 12.35
Median 2.85 6.15 4 22.15 5.5 38.95 155 17.9
75th percenti1e 3.73 8.9 7.6 37.78 7.1 53.5 233.25 24.9
95th percenti1e 7.70 15 11.35 57 11 82 501.35 37.15
Maximum 17 55 13 84 27.6 121 975 110

By involving only primiparous women, these criteria may lead to slight over-
estimation of average concentrations in milk, but the results provide a good basis for

comparng different regions and varations over time. Laboratories generating data have
also paricipated in an extended series of quality assurance intercomparsons (Rappe
et aL., 1989c; Yrjänheikk, 1989; Stephens et aL., 1992; CarIé et aL., 1995).

Most of the regional comparsons within countries have shown no significant diffe-
rences between donor cohorts from rural and industral areas. Koopman-Esseboom et aL.
(1994a) reported significantly higher levels of a number of PCDDs and PCDFs in women
living in industrialized areas of the Netherlands, compared with women living in rural
areas. Rather larger differences were found by Alawi et al. (1996b) for different samples
from Jordan, but varable detection limits and a high incidence of non-detection make
interpretation uncertain. Pioneering work by Baughman, R. showed elevated 2,3,7,8-
TCDD levels as high as 1450 ng/kg in milk lipid (Schecter, 1994) collected from south
Viet Nam in 1970, while Agent Orange spraying was stil occurrng or had only just
ceased. More recent samples from Viet Nam, analysed by Schecter et al. (1989d,e,
1990e,g, 1991b, 1995), have not shown any exception al concentrations.

There is evidence of differences between certain pars of the world, and of a decrease
over time. Samples taken in the second half of the 1980s from the industrialized
countres of western Europe contrbute most of the upper-quarile data in Table 31. Re1a-
tively low average levels have been found in samples from Albania, Cambodia, Croatia,
the Faeroe Islands, Hungar, Pakstan and Thailand.

There is now clear evidence of a decrease in PCDD/PCDF levels in human milk over
time in almost every region for which suitable data exist (AIder et al., 1994; Liem et al.,
1995; WHO, 1996). The WHO (1996) study also shows that the highest rates of
decrease, nearly 14% per annum, have been in the areas with the highest initial concen-
trations (Figure 1). These data iIDPlY that a substantial reduction in intake of PCDDs and
PCDFs has occurred in recent years.
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Figure 1. Annual percentage decrease of PCDD/PCDF levels in human milk for
Il countries as a function of the dioxin levels in 1988
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1.5 Regulations and guidelines

ln Germany, an occupational technical exposure Ii mit (TRK) value of 50 pg I-TEQ/m3
in air has been established for PCDDs and PCDFs. 2,3,7,8-TCDD is c1assified in
Germany as a III A2 compound (shown to be c1early carcinogenic only in animal studies
but under conditions indicative of carcinogenic potential at the workplace) (Deutsche
Forschungsgemeinschaft, 1996).

The United States Occupational Safety and Health Administration (OSHA) has not
set a permssible exposure level (PEL) for the PCDDs. The United States National Insti-
tute for Occupational Safety and Health (NIOSH) has not set a recommended exposure
level (REL) for PCDDs, but states that 2,3,7,8-TCDD should be treated as a potential
occupational carcinogen and occupational exposures should be limited to the lowest
feasible concentration (United States National Institute for Occupational Safety and
Health, 1994). The American Conference of Governmental Industnal Hygienists (1995)
has not set a theshold limit value (TL V) for the PCDDs.

The United States Environmental Protection Agency (1996b) has established a final
drnkng water standard for 2,3,7,8-TCDD. The maximum contaminant level (MCL) (the
maximum permssible level of a contamnant in water delivered to any user of a public
water system) is set at 3 x 10-8 mgI (30 pg/L).

The Canadian Governent has proposed a tolerable daily intake (TDI) of 10 pg
I-TEQ/kg bw per day for PCDDs and PCDFs (Governent of Canada, 1993).

A Nordic tolerable weekly intae of 0-35 pg 2,3,7,8-TCDD/kg bw was proposed

(Ahborg et aL., 1988). A TDI of 1 pg dioxin-like compounds/kg bw per day has been
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recommended in the Netherlands (Health Council for the Netherlands, 1996) and one of
5 pg/kg bw per day has been established in Sweden (Ahlborg et al., 1988). A TDI of 10
pg PCDDs/PCDFs per kg bw per day from food has been recommended by WHOÆURO
(WHO, 1991; Ahlborg et aL., 1992b) as well as by the Ministry of Health and Welfare of
the Japanese Govemment (Kurokawa, 1997).

At present, the regulatory requirements for incinerator emissions vary widely among
the countres of the European Union. The European Commssion (1994) published a
Council Directive on the incineration of hazardous waste which would require that 'the
emission of PCDDs and PCDPs shall be minimized by the most progressive techniques'
and which defines 0.1 ng/m3 as a guide value which should not be exceeded by aU
average values measured over the sample period of 6 to 16 h.

Germany and the Netherlands have set daily average limit values of 0.1 ng I-TEQ/m3
of exhaust gas for PCDDs/PCDFs from municipal waste incinerator emissions; in
Sweden, the corresponding value is 0.1-0.5 ng Eadon TEQ/m3. The United Kingdom has
set a limit value of 1 ng 1- TEQ/m3 with a goal to reduce PCDD/PCDF emissions to 0.1 ng
I-TEQ/m3 for industrial and municipal waste incinerators (ECETOC, 1992; Liem & van
Zorge, 1995).

ln Japan, a limit of 0.5 ng I-TEQ/m3 2,3,7,8-TCDD/TCDF is recommended for muni-
cipal waste incinerators (Liem & van Zorge, 1995).

ln Germany, sewage sludge used as a fertilizer for farand is not allowed to contain
more than 100 ng I-TEQ/kg dry matter (Ordinance on Sewage Sludge, 1992; Liem & van
Zorge, 1995).

The European Union has specified that 2,3,7,8-TCDD must not form par of the com-
position of cosmetic products (European Commssion, 1992).

For milk and milk products, a maximal tolerable concentration for PCDDs/PCDFs of
17.5 ng I-TEQ/kg fat has been set in the United Kingdom. ln Germany, PCDDs/PCDFs
must not exceed 5 ng I-TEQ/kg milk fat and, in the Netherlands, their leve1 must not
exceed 6 ng I-TEQ/kg milk and milk product fat (Liem & van Zorge, 1995).

2. Studies of Cancer iD HumaDs

2,3,7,8- TCDD is thought to be the most toxic PCDD congener, followed in presumed
toxicity by the higher chlorinated PCDDs. Lower chlorinated PCDDs are thought to be
much less toxic.

The focus of this review of human studies is on studies in which exposure to 2,3,7,8-
TCDD or higher chlorinated PCDDs can be presumed or is documented. Typically ths
involves exposure to phenoxy herbicides contanated by ~,3, 7 ,8- TCDD (paricularly
2,4,5- T) or to other contamnated chemicals used in ffanufacturig pro cesses (e.g., TCP).

Studies involving only exposure to herbicides not contaated by PCDDs (e.g.,
4-cWoro-2-methylphenoxyacetic acid (MCPA)) are not reviewed (e.g., Coggon et aL.,
1986; Lynge, 1993). Studies involving only exposure to unspecified combinations of
pesticides and herbicides are also not reviewed (e.g., Blair et al., 1983) because the
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extent of exposure to PCDD-containing herbicides (if any) is unkown. Studies invol-
ving only exposure to 2,4-D, that is not likely to have been contaminated by higher
chlorinated PCDDs, are also not discussed. Studies involving exposure to substances
contaminated with higher chlorinated PCDDs without 2,3,7,8-TCDD, e.g., PCP, are
discussed separately from studies involving exposure to 2,3,7,8-TCDD.

Blood concentrations reported are lipid-based, unless otherwise noted (see Section
1.4).

2.1 Industrial exposures and industrial accidents

The cohort study populations considered by varous authors overlap in many
instances. However, different publications on overlapping study groups may have
different focuses, e.g., incidence/mortality, different follow-up periods, different expo-
sure assessment and other characteristics. Therefore, Table 32 presents the relationship
between different publications which are considered relevant for this monograph in terms
of study population size.

2.1.1 Exposure to 2,3,7,8-TCDD and higher chlorinated PCDDs/PCDFs in chemical
plants

Cohort studies are summarzed in Table 33.

W orkers at chemIcal plants in the United States which produced chemIcals conta-
minated with PCDDs/PCDFs (primarly TCP and/or 2,4,5- T) have been studied exten-
sively. There has been a series of publications on two separate plants and a larger study
of 12 plants which included most United States workers manufacturing these products

who were exposed specifically to 2,3,7,8-TCDD. ln the latter study, serum PCDD
measurements were available for some workers.

(a) Two United States plants

Nitro plant

Workers at a Monsanto plant in Nitro, WV, have been studied by Zack and Suskind
(1980), Zack and Gaffey (1983) and Collns et al. (1993). Zack and Suskind (1980)

studied 121 male workers (one woman is not included in the mortality analysis) who
developed chloracne after an accident during production of TCP in 1949. These workers
were followed through 31 December 1978 with person-time at risk beginnng at the
accident. United States referent rates were used. Thiry-two deaths were observed
(standardized mortality ratio (SMR), 0.7; p ~ 0.05), of which nine were cancer deaths
(SMR, 1.0). No significant excess was found for any specifie cancer, although lung
cancer was elevated (5 observed; SMR, 1.8). One soft-tissue sarcoma was observed - a
fibrous histiocytoma (classified as a skin cancer (ICD-8, 172-173)), with 0.2 ski
cancers expected. Thee deaths from lymphatic and haematopoietic cancers were

observed (SMR, 3.4).
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Table 32. Relationship between Industrial cohort study groups with exposure to
2,3,7,8- Tt:i)i)

Kogevinas et aL.

(1997)
;: Fingerhut et al.

(1991a,b)
(USA, NIOSH,
12 plants)

;: Bond et al. (1989a),
Ott et al. (1987),
Cook et al. (1986)

(Dow, Midland, MI)
;: Zack & Gaffey (1983)

(Monsanto, Nitro, WV)
;: Collins et aL. (1993)

(Monsanto, Nitro, WV)
;: Bueno de Mesquita et al.

(1993), Hooiveld et al.
(1996a) (Netherlands)

;: Coggon et al. (1991)
(United Kingdom)

;: Flesch-Janys et aL.

(1995)
(Boehrnger - Ingelheim)

;: Saracci et al. (1991)

;: Becher et al. (1996)

(Boehrnger - Ingelheim,
Bayer, BASF (not the
accident) )

Ott & Zober (1996),
Zober et aL. (1994),
Zober et aL. (1990)

(accident, BASF)

;: Ramlow et aL.

(1996)
(Dow,
Midland, MI)

Manz et aL. (1991)
(Boehrnger-
Ingelheim)

A ;: B denotes that the study population of B is a subset of A.
A, B denotes that the study populations A and B are almost identicaL.
AlI publications mentioned contain results considered to be relevant by the W orking Group.
The study populations of Collns et aL. (1993) and Zack & Gaffey (1983) overlap in par.
Specifie female cohorts (Kogevinas et al., 1993; Nagel et aL., 1994) are not inc1uded.

Zack and Gaffey (1983) studied 884 white male employees at the Nitro plant who
were active on or after 1 Januar 1955 with one or more years of employment as hourly
workers. This cohort included all workers at the plant, not just those exposed to PCDDs.
FolIow-up was through 31 December 1977 and United States referent rates were used.
There were 163 deaths in thIs cohort (SMR, 1.0). Nine deaths from urinar bladder
cancer were observed (SMR, 9.9). The excess of urinar bladder cancer was attributed to
the use of 4-amnobiphenyl (see IARC, 1987f), a known urnar bladder carcinogen.
Seven of these cancers had been detected earlier in a screening programe. W ork history
of decedents was examned to determne if the men had been assigned to 2,4,5- T
production. For 58 men so identified, a proportionate mortality study was conducted.
Nine cancers were observed (proportionate mortality ratio (PMR), 0.8). Six were lung
cancers (PMR, 1.7). No haematopoietic cancer occurred in ths group. One soft-tissue
sarcoma (a liposarcoma) was observed; no expected number for soft-tissue sarcoma was
given. (An unkown, but probably small, number of workers who worked with TCP but
not with 2,4,5- T would have been omitted from thIs analysis).

Collns et al. (1993) studied 754 workers who had worked at the Nitro plant for one
day or more between 8 March 1949 (the date of the above-mentioned accident) and



-.to

Table 33. Industrial cohort studies and populations exposed to indus trial exposures and industrial accidents

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Comments
countr Period of death obs.

folIow-up

Fingerhut 5172 workers Mortity 1987 serum Men All cancers Combined 2,3,7,8-TCDD- -
~et aL. (1991a), 12 plants followed from 1eve1s of ;: 20 years 1atency 265 1.2 1.0-1. exposed production workers :;USA first exposure exposed ;: 1 year exposure 114 1.5 1.2-1.8 from 12 plants exposed during (1

to 31 (n = 253) Digestive system 1942-84, including Monsanto ~
December averaged 233 ;: 20 years latency 67 1. 0.9-1.4 (Nitro, WV) and Dow 0
1987 ng/kg fat ;: 1 year exposure 28 1.4 0.9-2.0 (Midland, MI) workers Z

compared with Lung 0
c:7 ng/kg for ;: 20 years latency 89 1. 0.9-1.4

~unexposed ;: 1 year exposure 40 1.4 1.0-1.9
workers Haematopoietic (alI) ::
(n = 79) ;: 20 years latency 24 1. 0.7-1.6 CI

;: 1 year exposure 8 1. 0.5-2.5 ~
NH 0

l';: 20 years latency 10 1.4 0.7-2.5

~;: 1 year exposure 2 0.9 0.1-3.4
Multiple myeloma tT

;: 20 years latency 5 1.6 0.5-3.9 0\\0
;: 1 year exposure 3 2.6 0.5-7.7

Leukaella
;: 20 years 1atency 6 0.7 0.2-1.5

;: 1 year exposure 2 0.8 0.1-2.8
Connective tissue/STS

;: 20 years latency 4 3.4 0.9-8.7
;: 1 year exposure 3 9.2 1.9-27.0



Table 33 (coiitd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Commentscountr Period of death obs.
folIow-up

Ott & Zober 243 workers accidentally Mortlity and 2,3,7,8-TCDD Men AlI cancers Mortality "'(1996), exposed to 2,3,7,8-TCDD incidence serum levels in .. 0.1 Ilg/kg bw 8 0,8 0.4-1.6 (p","" = 0.07); local reference 0
(BASF) in a TCP unit in a 1953-92 138 subjects in 0.1-D.99Ilg/kg bw 8 1.2 0.5-2,3 L'~Germany chemIcal plant 1988-92. 1.0-1.99Ilg/kg bw 8 1.4 0.6-2.7 \.Model-based ~ 2.0 Ilg/kg bw 7 2.0 0.8-4.0

Pestimation for AlI cancers 13 2.0 1.0-3.4 ~ 1 Ilg/kg bw, ;: 20 years of 0other workers Respiratory 6 3.1 1.-6.7 latency

~AlI cancers 18 1.9 1.-3.0 113 chloracne cases, latency
Digestive system 6 1.8 0.7-4.0 ~ 20 years; mortality ;i
Respiratory tract 7 2.4 1.0-5.0 gRespiratory tract 8 2.0 0.9-3.9 Incidence, ~ 1.0 Ilg/kg bw t:
Digestive tract 11 1.5 1.-1.9 Cox's regression; deaths t:

12 1.4 1.-1.7 Cox's regression; incident
SE

cases; internaI comparson tr
controllng for known Z

Nconfounders 0
Man et al. 1184 men and 399 women Mortlity TCP,2,4,5-T Men AlI cancers Gas workers reference -t

~(1991), employed in a herbicide 1952-89 and 2,3,7,8- High exposure 29 1.8 i .2-2.6 (p,~"" = 0.24) i:(Boehrnger- plant; 496 high exposure; TCDD; fat Medium exposure 39 1.2 0.9-1.6 1

VIngelheim) 901 medium exposure; levels in 48 Low exposure 7 1.5 0.6-3.0 ~0Germany 186 low exposure subjects in Women AlI cancers NG 0.9 0.6-1.5 National reference ~1985 Breast 9 2.2 1.0-4.1 ZMedian fat rz
2,3,7,8-TCDD,
137 ng/kg high

exposure
Median fat
2,3,7,8-TCDD
medium + low,
60 nglg

...t..
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Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Comments
countr Period of death obs, "0

follow-up 0l'~
Bueno de W orkers in synthesis and Mortality 2,4,5-T, Men AIl cancers 26 1.2 0.5-1. Factory A only, exposed (1

::Mesquita et al. formulation of phenoxy 1955-86 PCDDs, Pancreas 3 2.9 0,6-8.4 workers versus national l'
(1993), The herbicides and 2,3,7,8-TCDD Large intestine 3 2.4 0.5-7.0 population 0
Netherlands chlorophenols in two Lung 9 1.0 0.5-1.9

~plants (963 exposed, 1111 Prostate 2 2.2 0,3-7.8 ~unexposed); Factory A, Lymphosarcoma 1 2.0 0.1-11.4
&1accident in 1963; exposure Myeloid leukaemia 1 2.9 0.1-15,9

to 2,3,7,8-TCDD AIl cancers 31 1. 0.9-3.4 Both plants; exposed versus V
VRespiratory tract 9 1.7 0.5-6.3 unexposed ~t:

Accidental AIl cancers 10 lA 0,7-2.5 Factory A; national reference
~exposure in
N

1963 0
Case/control OR ~

¡:
Kogevinas 1 1 STS cases and 55 Nested case- Exposure to 21 Men and STS 10/30 10.3 1,2-90.6 Any phenoxy herbicide ~

1et al. (1995), healthy controls; 32 Nll control study chemicals women 9/24 5.6 1.-27.7 Any PCDD or PCDP V
international cases and 158 healthy withn the including 5/13 5.2 0.9-31.9 2,3,7,8-TCDD ~0controls IARC cohort major phenoxy NH 19/85 1.3 0,5-2.9 Any phenoxy herbicide tx

reported by herbicides, 20/78 1.8 0.8-4.3 Any PCDD or PCDF
~
Z

Saracci et al. PCDDs, raw 11/39 1.9 0.7-5.1 2,3,7,8-TCDD en
(1991) materials and

other process
chemicals

...tw
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Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Commentscountr Period of death obs.
follow-up

Kogevinas 21 863 in 36 cohorts from Mortality 2,3,7,8-TCDD 20851 AlI cancers Combined PCDD-exposed
et al. (1997), 12 countres or higher men, Exposed to 2,3,7,8- 710 1. 1.0-1.2 workers (production and
international chlorinated 1012 TCDD and higher spraying) from 36 cohorts

PCDDs versus women Exposed to lower or 398 1.0 0.9-1. with vared follow-up from -
not exposed to no PCDD 1939 to 1992. Inc1udes and ~~2,3,7,8-TCDD Digestive system updates lARC cohort (Saraccì n
or higher Exposed to 2,3,7,8- 190 (1.0) (0.9- 1.2) et al., 1991), adds NIOSH ~chlorinated TCDD and higher cohort (Fingerhut et al., 0PCDDs or no Exposed to lower or 106 (0.9) (0.7-1.) 1991a,b) and adds four plants Z
PCDD no PCDD in Germany (Manz et aL., 00exposure Lung 1991; Becher et aL., 1996;

~Exposed to 2,3,7,8- 225 1. 1.0-1. Flesch-Janys et al., 1995).
TCDD and higher Largest combined cohort of "'

:iExposed to lower or 148 1.0 0.9-1.2 PCDD-exposed workers. CI
no PCDD ~

Haematopoietic (all) 0~Exposed to 2,3,7,8- 57 1. (0.8- 1.4)

~TCDD and higher
Exposed to 2,3,7,8- 35 1. (0.8- 1.6) m
lower or no PCDD 0\

\0NH
Exposed to 2,3,7,8- 24 1.4 0,9-2.1
TCDD and higher
Exposed to lower 9 1.0 0.5- 1.9

or no PCDD
Multiple myeloma
Exposed to 2,3,7,8- 9 1.2 0.6-2.3
TCDD and higher
Exposed to 10wer 8 1.6 0.7-3.1
or no PCDD



Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Cornents
countr Period of death obs.

folIow-up

Kogevinas Leukaemia
et al. (1997), Exposed to 16 0.7 004-1.2 '"international 2,3,7,8-TCDD and 0
(contd) higher l'~Exposed to lower 17 lA 0.8-2.3 (J

or no PCDD pConnective tissue/STS 0
Exposed to 2,3,7,8- 6 2.0 0.8-4.4

~TCDD and higher
Exposed to lower or 2 1 A 0.2-4.9 ;i
no PCDD ~

m
Bertzi et al. Residents in contamnated Incidence 2,3,7,8-TCDD: v

Local reference. Median V(1993), zones after the Seveso 1977-86 Zone A; soil Men AlI cancers 7 0.7 0.3-1.5 -
Italy accident: Zone A, 724; levels, Digestive system 2 0,7 0,2-2.8 2,3,7,8-TCDD level in the te

reference area (52 samples in trZone B, 4824; Zone R, 15.5- Lung 2 0.8 0.2-3.4 Z
31 647; age, 20-74 years 580 ¡.g/m'; Women AlI cancers 7 1.0 0.5-2.1

1992-93), 5.5 ng!kg blood N
median blood Digestive tract 3 1. 0.6-504 (Landi et aL., 1996) 0'~'

~
levels in adults, ~
389 ng!kg ~

1
(back- V
calculation) -0
Zone B; soil Men AlI cancers 76 1. 0.9-1.4 Local reference ~levels, Digestive system 18 0.9 0.6-1.5 cz
.; 50 ¡.g/m'; Hepatobilar 5 1.8 0.7-4.4
median blood Liver 4 2.1 0.8-5.8
levels in adults, Lung 18 1. 0.7-1.8
78 ng!kg Haematopoietic 8 2.1 1.0-4.3
(back- NH 3 2.3 0.7-704
calcu1ation) Lymphoreticulosarcoma 3 5.7 1.7-19.0

Multiple myeloma 2 3.2 0.8-13.3
Leukaemia 2 1.6 004-6.5

,.
L
Vi
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Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Comments
countr Period of death obs.

follow-up

Bertzi et al. Women Ail cancers 36 0.8 0.6-1. Local reference
(1993), Digestive system 12 1. 0.6-1.9
ltay Hepatobilar 5 3.3 1.-8.1
(contd) Gall-bladder 4 4.9 1.8-13.6 :;

Breast 10 0.7 0.4- 1.4 it
Haematopoietic 6 1.9 0.8-4.4 \.
Multiple myeloma 2 5.3 1.2-22.6 a'
Myeloid leukaemIa 2 3.7 0.9-15.7 0

Z
Zone R; soil Men AIl cancers 447 0.9 0.9- 1.0 Local reference 00levels, Digestive system 131 0.9 0.8-1.

~
-c 5 Ilglm2 Lung 96 0.8 0.7-1.0

STS 6 2.8 1.0-7.3 ::Haematopoietic 25 1.0 0.6-1.5 CI
NH 12 1. 0.7-2.5 ~
Myeloid leukaemIa 5 1.4 0.5-3.8 0

t"Women All cancers 318 0.9 0.8-1. Local reference

~Digestive tract 75 0.9 0.7-1.
Lung 16 1. 0.8-2.5 tr
STS 2 1.6 0.3-7.4 0'

\0
Breast 106 1. 0.9-1.3
Haematopoietic 18 0.8 0.5-1.
NH 10 1.2 0.6-2.3
Lymphoreticulosarcoma 6 1.7 0.7-4.2

Bertzi et al. Residents in contanated Mortality Zone A Men AIl cancers 6 0.4 0.2-1.0 Local reference. Median level
(1996), zones afer the Seveso 1976-91 Lung 4 1.0 0.4-2,6 in the reference area (52
Italy accident: Zone A, 750; Women AIl cancers 10 1.2 0.6-2.2 samples in 1992-93),

Zone B, 5000; Zone R, Digestive system 5 1. 0.6-3.6 5.5 ng/kg (Landi et aL., 1996)
30 000; all ages Colon 2 2.6 0.6-10.5



Table 33 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/cause of No. RR 95% CI Commentscountr Period of death obs.
foIlow-up

Bertzi et al. Zone B Men AIl cancers 104 1. 0.9-1. Local reference
(1996), Digestive system 33 0.9 0.7-1.

"'Itay Rectum 7 2.9 1.4-.2 0(contd) Lung 34 1.2 0.9-1.7 l'~Haematopoietic 12 2.3 1.3--.2 nNH 2 1.5 0.4-.0
PHodgkin's disease 2 3.3 0.8-14.0 0LeukaemIa 7 3.1 1.4-.7

~
Women AIl cancers 48 0.9 0.7-1.2

Digestive system 18 0.8 0.5-1. ~Stomach 7 1.0 0.5-2.2 gHepatobilar 4 1. 0.4-3.1 tiLiver 3 1. 0.4-.0 tiBreast 9 0.8 0.4-1.5 æHaematopoietic 7 1.8 0.8-3,8 tr
Hodgkin' s disease 2 6.5 1.5-30.0 Z

NMyeloma 4 6.6 2.3-18.5 0Men and Thyroid 2 (3.9) (0.4-14.1) .twomen ~
¡:Zone R Men AIl cancers 607 0.9 0.8-1.0 Local reference 1

tiDigestive system 226 0.9 0.8-1.0 ..0Oesophagus 30 1.6 1.-2.4 ;xLung 176 0.9 0.8-1. ..
ZSTS 4 2.1 0.7-6.5 CI

Haematopoietic 27 0.8 0.5-1.2
Women AIl cancers 401 0.9 0.8- 1.0 Local reference

Digestive system 158 0.9 0.8-1.0
Lung 29 1.0 0.7-1.6
Breast 67 0.8 0.6-1.0
Haematopoietic 29 0.9 0.6-1.4

Abbreviations: NH, non-Hodgkin lymphoma; STS, soft-tissue sarcoma; NG, not given
...r-i
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22 November 1949 (the date of the last reported case of chloracne resulting from the
accident clean-up) (this study includes the 122 chloracne cases of Zack & Suskind,
1980). Person-time at risk began on 8 March 1949 or at date of hire, if hied between 8
March and 22 November 1949, and extended through 31 December 1987 (23 198
person-years). FoIlow-up was complete for 733 workers. United States referent rates
were used. The cohort was further subdivided into four groups: (1) 461 workers without
chloracne and judged not to have been exposed to 4-aminobiphenyl; (2) 171 workers
without chloracne but with exposure to 4-amnobiphenyl; (3) 97 workers with cWoracne
and no exposure to 4-aminobiphenyl; and (4) 25 workers with chloracne and exposure to
4-aminobiphenyL. Three deaths from soft-tissue sarcoma occurred in the cohort: one in
the group without chloracne but with exposure to 4-amnobiphenyl (upon review, this
case was not a soft tissue sarcoma) and two in the group with cWoracne and with
exposure to 4-aminobiphenyL. Excesses of urinar bladder cancer occurred in all groups,
but primarly in the group without cWoracne but with exposure to 4-aminobiphenyl

(10 observed; SMR, 22; 95% CI, 10.4-40.0). The authors considered that the deaths due
to soft-tissue sarcoma may have been caused by 4-aminobiphenyL. (The W orking Group
considered that this argument is weakened by two points. First, the one case of soft-tissue
sarcoma occurrng in the group without cWoracne but with exposure to 4-aminobiphenyl
apparently may have been exposed to 2,3,7,8-TCDD, as suggested by additional data
presented in the study. Second, there are no human data indicating that 4-amnobiphenyl
or other aromatic amines cause soft-tissue sarcoma and hence no strong reason to believe
it could act as a confounder for soft-tissue sarcoma occurrence due to PCDDs.) (AIl but
one of the confirmed cases of soft-tissue sarcomas of the Fingerhut et aL. (1991a) study
are included in Collns et aL. (1993)).

Midland plant

W orkers at a Dow plant in Midland, MI, have been studied in a series of publications.
Ott et al. (1980) studied 204 male workers exposed to 2,4,5-T from 1950 to 1971 (the
period during which it was manufactured) (157 with less than one year's exposure). The
method of worker selection may have missed some short-term workers, but aIl workers
with at least one year of employment in the 2,4,5- T work area would have been included.
Sorne workers with exposure to TCP (but no exposure to 2,4,5- T) may have been
excluded from this analysis. No case of chloracne was identified in this group. FolIow-up
extended through 1976. United States referent rates were used. Only 11 deaths occurred
in this cohort (20 expected) and only one cancer death (a respiratory cancer in a smoker)
(3.6 expected).

Cook et al. (1980) studied 61 men at the same plant in Midland, MI, who worked in
TCP production in 1964 (there was an incident in June 1964 in the plant and these
employees have been exposed to 2,3,7,8-TCDD); 49 developed chloracne at that time.
FolIow-up extended though 1978 and 40 men were stil working at the end of 1978.
United States referent rates were used. Only four deaths were observed versus 7.8
expected; three were due to cancer versus 1.6 expected (one soft-tissue sarcoma (fibro-
sarcoma) occurred).
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A cohort of 2189 (later 2192) workers at the Midland, MI, plant exposed to higher
chlorinated phenols (three or more chlorines) and related products (including 2,4,5- T)
was studied by Cook et al. (1986), Ott et al. (1987) and Bond et al. (1989a). (Bond et al.
(1989a) also included a sub-cohort analysis of the mortality of 323 men diagnosed with
chloracne.) The cohort was defined on the basis of work in deparments manufacturing
TCP, PCP, 2,4,5-T and 2,4,5-T esters. Among these, only PCP did not contain 2,3,7,8-
TCDD (Fingerhut et aL., 1991b), although it did contain hexa-, hepta- and octa-CDDs.
Production of these chemIcals began at varous dates from 1937 to 1955, and ended
between 1971 and 1982. W orkers were ranked on a scale of 0 to 4 for intensity of expo-
sure to 2,3,7,8-TCDD and from 0 to 2 for intensity of exposure to hexa-, hepta- and octa-
CDDs, with each unit representing an increase on a logarthmic scale. Exposure data
were available from wipe samples, process streams and intermediate products. 2,3,7,8-
TCDD was present at 1818 mg/kg (mean of 28 samples) in TCP waste streams in the
1960s and 1970s and at much lower levels in other process streams and in the inter-
mediate product (range, 0.1-116 mg/kg) (Ott et aL., 1987). Almost aU of these workers
were included in the United States NIOSH 12-plant cohort studied by Fingerhut et aL.
(1991a,b), which was restricted to workers with some exposure to 2,3,7,8-TCDD; the
only workers in the Midland, MI, cohort of 2192 who were excluded from Fingerhut
et al. (1991a,b) were approximately 100 workers with exposure to PCP only.

Cook et al. (1986) foUowed the cohort of 2189 men from 1940 though 1979 and
found an SMR for all causes of death of 0.9 and for all cancers of 1.0. No specific cancer
site showed an increase.

Ott et al. (1987) followed up the same cohort (2187 men) through 1982 with only 25
(1 %) lost to folIow-up; United States referent rates were used. Approximately 50% of the
cohort had worked in exposed areas for less than one year and only 209 men had worked
for 10 years or more; 823 were stil employed at the end of follow-up. The overall SMR
was 0.9 (95% confidence interval (CI), 0.8-1.0) based on 370 deaths. There were 102
cancer deaths (SMR, 1.0; 95% CI, 0.8-1.3) and the SMR for cancer with 20 or more
years' latency was not significantly elevated(SMR, 1.3; 95% CI, 1.0-1.6). There was no
significant elevation for cancer deaths, except for the category of other and unspecified
neoplasms (12 observed; SMR, 2.6). Respiratory tract cancer mortality (23 deaths; SMR,
0.82) was not elevated. Elevations based on small numbers were observed for stomach
cancer (6 observed, SMR, 1.6; 95% CI, 0.6-3.4) and lymphatic and haematopoietic

cancers (12 observed; SMR, 1.5; 95% CI, 0.8-2.6), with the excess in the latter category
accounted for mainly by non-Hodgkin lymphoma (5 observed; SMR, 1.9; 95% CI, 0.6-
4.5) and multiple myeloma (2 observed; SMR, 2.0; 95% CI, 0.2-7.2). One death was
initially classified as due ta soft-tissue sarcoma (a fibrosarcoma); however, upon patho-
logy review, this cancer was determned to be a renal clear-cell carcInoma. Analyses by
cumulative exposure intensity scores showed no significant trend (at the p = 0.05 level)
with increased exposure to 2,3,7,8-TCDD or to hexa-, hepta- or octa-CDDs for any
specifie cancer, although there was some increase in digestive tract cancers with
increasing 2,3,7,8- TCDD exposure.
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Bond et aL. (1989a) increased by two years (though 1984) the folIow-up of the cohort
studied by Ott et al. (1987) (vital status was established for 2191 subjects). There was an
increase in the number of deaths by 36, bringing the total to 406 (SMR, 0.9; (95% CI,
0.8-1.0)). Cancer deaths increased in number by 14 to make a total of 95 (SMR, 1.0;
(95% CI, 0.8-1.3)). Two additional deaths from stomach cancer (8 observed (SMR, 2.0;
(95% CI, 0.9-3.9)), one (additional) death froID soft-tissue sarcoma (2 observed (one
misclassified); (SMR, 5.0; 95% CI, 0.6-18.1)) and one additional death from non-
Hodgkin lymphoma (6 observed; (SMR, 2.1; 95% CI, 0.8-4.5)) occurred. These ele-
vations felt short of statistical significance. The two cases of soft-tissue sarcoma (one of
which was actually misclassified) occurred in workers with chloracne. No other statis-
tically significant trend with cumulative dose (of either 2,3,7,8-TCDD or hexa-, hepta- or
octa-CDDs) occurred. Results from a sub-cohort of 323 male workers diagnosed with
chloracne were presented, based on a review of 2072 (95% of the cohort) company
medical records. Diagnoses of chloracne were included if they were considered

'probable' or 'definite'; person-time at risk began at the time of diagnosis. This sub-
cohort had 4871 person-years of observation and 37 deaths (SMR, 0.8; 95% CI, 0.6-1.1)
and only seven cancer deaths (SMR, 0.7; 95% CI, 0.3-1.4). The presence of chloracne
was more prevalent in those who had the highest cumulative exposure to either 2,3,7,8-
TCDD or hexa-, hepta- or octa-CDDs. Mortality in this sub-cohort was unremarkable
except for soft-tissue sarcoma, for which two deaths (which included the misclassified
case) were observed versus -c 0.1 expected.

(b) Comprehensive United States study

The largest study of United States production workers exposed to PCDDs was
conducted by the United States NatIonal Institute for Occupational Safety and Health
(NIOSH) and published by Fingerhut et aL. (1991a). A more detailed techncal report of
this study is also available (Fingerhut et aL., 1991b). This 12-plant study included the
Nitro, WV, plant of Monsanto and the Midland, MI, plant of Dow discussed above,
which represented 9% and 40% of the cohort, respectIvely. ln order to be included into
the cohort, all workers had to have had presumed exposure to 2,3,7,8-TCDD. The cohort
was constrcted by NIOSH afer a review of personnel records at 12 United States. plants
producing chemicals known to be contamnated with 2,3,7,8-TCDD (principally Tep
and 2,4,5- T). The cohort included most workers in the United States likely to have been
exposed to 2,3,7,8-TCDD in chemical manufacturing, comprising 5000 men with work
records showing assignment to a production or maintenance job in a process involving
2,3,7,8-TCDD contamination, as well as an additional 172 men without work history
records but known to have been exposed at the Nitro, WV, plant based upon inclusion in
a prior cross-sectional medical study by Suskind & Hertzberg (1984). These latter 172
men and an additional 30 men in the NIOSH study lacked suffcient work history
information for their inclusion in more detaled analyses by duration of exposure.
Follow-up was conducted though 1987 and United States referent rates were used.
Serum levels of 2,3,7,8-TCDD in 253 cohort members at two plants measured in 1987
averaged 233 nglg lipid, compared with 7 nglg lipid in a group of 79 unexposed

workers. Levels increased to 418 nglkg for 119 workers exposed for more than one year
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(Fingerhut et aL., 1991a). Extrapolation to the date when these workers were employed,
assuming a half life of 7.1 years, indicated a mean serum level at that time of 2000 nglg
lipid (highest level, 32000 nglg). Workers had last been exposed 15-37 years earlIer.
The correlation between serum 2,3,7,8-TCDD level and duration of exposure was 0.72
(Fingerhut et aL., 1991b). There were 1052 deaths in ths cohort, with 116 748 pers on-
years. The SMR for aU causes was 1.0 (95% CI, 0.9-1.1). Mortity from all cancers
(265 deaths) was slightly but significantly elevated (SMR, 1.2; 95% CI, 1.0-1.3). Soft-
tissue sarcoma mortality was elevated based on four deaths (SMR, 3.4; 95% CI, 0.9-8.7).
Two of the deaths from soft-tissue sarcoma, upon further review of medical records,
were found to be misclassified (false positives), but thee deaths from other causes, upon
review, were found to be soft-tissue sarcomas (false negatives). Other causes of death of
interest in this study were not remarkable. There were 10 deaths from non-Hodgkin
lymphoma (SMR, 1.4; 95% CI, 0.7-2.5); stomach cancer mortity was not elevated (10
deaths observed; SMR, 1.0; 95% CI, 0.5-1.9); lung cancer showed a slight increase (89
observed; SMR, 1.1; 95% CI, 0.9-1.4). Sub-cohort analyses focused on those workers
with more than one year's duration of 2,3,7,8-TCDD exposure and at least 20 years'
potential latency (1520 workers, 29% of the cohort; mean duration of employment, 19
years; mean duration of exposure to 2,3,7,8-TCDD, 7 years). ln this sub-cohort, mortality
from all cancers combined was significantly elevated (114 observed; SMR, 1.5; 95% CI,
1.2-1.8). A wide varety of cancer sites showed sorne excess, but only soft-tissue
sarcoma was significantly elevated (3 observed; SMR, 9.2; 95% CI, 1.9-27). The SMR
for lung cancer was 1.4 (95% CI, 1.0-1.9) based on 40 deaths. Conversely, the SMR for
non-Hodgkin lymphoma was not elevated in this' sub-cohort with presumed higher
exposure (2 deaths observed; SMR, 0.9; 95% CI, 0.1-3.4). Internal analyses comparng
longer duration of expo~ure to 2,3,7,8-TCDD to a short duration (-c 1 year) referent
category found nonsignificant positive trends for all cancers and lung cancer (p = 0.3 and
p = 0.2, respectively). Rate ratios also increased with latency (all cancer SMRs, 0.7, 1.1
and 1.3; lung cancer SMRs, 0.8, 1.0 and 1.2 with latency of -c 10 years, 10-20 years and
~ 20 years, respectively). The authors considered that smoking was not likely to be
responsible for the excess of lung cancer for several reasons including that (a) there was
no increase in non-malignant respiratory disease, which is strongly related to smoking;
(b) an indirect adjustment for smoking based on known smoking habits for a sample of
the cohort did not account for the observed increase; and (c) there was no increase in
lung cancer among the group with 20 years' potential latency but short duration
(-c 1 year) of exposure to 2,3,7,8-TCDD (17 observed; SMR, 1.0). (The Workig Group
noted that these are indirect ways of controllng for confoundig.)

(c) Germn accident cohort
ln the 1953 accident at the BASF TCPproduction unit at Ludwigshafen, Germany,

the tota number of employees identified as being involved diectly or in the subsequent
clean-up, repai or maintenance activities was 247 (243 men, 4 women). Analyses of
adipose tissue and blood from groups of these workers are. described in Section
1.3.1(a)(i). Par of the cohort was first studied by Thess et aL. (1982). It was completed
by Zober et aL. (1990) and fuer studiedby Zober et al. (1994) and Ott and Zober
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(1996). Out of the 247, 69 (1 woman) were identified by a company physician early after
the accident as the most directly involved (cohort CI); 84 (2 women) were identified by
August 1983 as probably involved (cohort C2); and 94 (1 woman) were recognized by
the end of 1987 as possibly exposed during paricipation in demolition and toxicology

investigations, or because they were members of the safety deparment and plant
management at the time of the accident (cohort C3). Their mortality was investigated
through 1987, with no loss to follow-up (Zober et aL., 1990). Death certificates were
obtained for 67 deceased subjects, and 11 additional deaths were ascertained through

other means (information from physicians, autopsy reports). Expected deaths were ca1cu-
lated from national rates. AlI members of cohort CI were affected by chloracne and their
mortality from malignancies was moderately higher than expectation (9 deaths; SMR,
1.3; 95% CI, 0.7-2.3). Other nonsignificant increases were seen for stomach cancer (3
deaths; SMR, 3.0; 95% CI, 0.8-7.7), colon and rectum (2 deaths; SMR, 2.5; 95% CI,
0.4-7.8) and lung cancer (4 deaths; SMR, 2.0; 95% CI, 0.7-4.6). ln cohort C2, 17
workers were affected by chloracne and four had other exposure-related skin lesions.
Their mortality from all cancers combined after 20 years since first exposure was signifi-
cantly increased (8 deaths; SMR, 2.4; 95% Ci, 1.2-4.3), as was mortality from other and
unspecified cancer sites (5 deaths; SMR, 3.2; 95% Ci, 1.3-6.8) (whole cohort).
A nonsignificant increase was noted for colorectal cancer (2 deaths; SMR, 2.7; 95% Ci,
0.5-8.5) (whole cohort). Suicides were elevated in both cohorts CI and C2. ln cohort C3,
where 28 pers ons had experienced mild forms of chloracne, no significant increase for
deaths from any cause was seen, although one single leukaemia death represented a
greater than five-fold elevated risk. Among all 127 workers affected by chloracne or
other skin lesions (erythema), the mortality from all cancers combined was significantly
elevated afer 20 years since exposure (14 deaths; SMR, 2.0; 95% Ci, 1.2-3.2). Non-
significant increases were seen for cancer of the stomach (3 deaths; SMR, 1.8; 95% CI;
0.5-4.7), colon and rectum (3 deaths; SMR, 2.2; 95% Ci, 0.6-5.8) and lung (6 deaths;
SMR, 1.8; 95% Ci, 0.8-3.6). ln 1986, blood concentrations of 2,3,7,8-TCDD were
measured in 28 workers. The median values were 24.5 ng/kg in cohort CI (10 subjects),
9.5 ng/kg in C2 (7 subjects) and 8.4 ng/kg in C3 (11 subjects). The median value for
workers with chloracne and other skin lesion was 15 ng/kg versus 5.8 ng/kg in those
without skin manfestations. The small size of the study population precludes definitive
conclusions.

The cancer incidence and the updated mortality, though 1992, have been reported
(Ott & Zober, 1996). The study population comprised the 243 exposed men. One death
from a motor vehic1e accident had occurred among the four exposed women, and they
were not furter considered in the analysis. Incident cases were ascertained from

available medical and necropsy data and from survey results (the area was not covered
by a cancer registr). Death certificates were obtaned for all but one of the deceased
workers. Expected numbers of incident cases were ca1culated from the cancer statistics of
the state of Saarland and expected deaths were calculated on the basis of national rates.
At that time, serum measurements of 2,3,7,8-TCDD were avaiable for 138 cohort
members (Ott et al., 1993) (see Section 1.3. 

1 (a)(i)). Model-based estImates of the
cumulative dose of 2,3,7,8-TCDD (f.tglg bw) were calculated for each study subject.
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Chloracne status was also adopted as an indicator of past exposure to 2,3,7,8- TCDD; 113
workers had a diagnosis of chloracne, and 55 were classified as severe. Standardized
mortality and incidence ratios and their 95% Cls were estimated using standard
technques. Internal dose-response analyses were performed with the Cox's proportional
hazard model, takng into account - among other varables - cigarette smoking and

other potentially confounding exposures. Results of the models were reported in terms of
conditional risk ratios (CRRs). The conditional risk represents the risk per unit increase
(1 f.g/kg bw) in 2,3,7,8-TCDD dose. ln the mortality analysis, an increased cancer
mortality with increasing dose was apparent: 2,3,7,8-TCDD level -= 0.1 f.g/kg bw, eight
deaths (SMR, 0.8; 95% Ci, 0.4-1.6); 0.1-0.99 f.g/kg bw, eight deaths (SMR, 1.2; 95%
Ci, 0.5-2.3); 1.0-1.99 f.g/kg bw, eight deaths (SMR, 1.4; 95% Ci, 0.6-2.7); ~ 2 f.g/kg
bw, se ven deaths (SMR, 2.0; 95% Ci, 0.8-4.0) (p for trend = 0.07). Digestive system and
respiratory tract cancers also tended to increase "with increasing dose. ln the 2,3,7,8-
TCDD category :; 1 f.g/kg bw, after 20 or more years since initial exposure, alI-cancer
mortality (13 deaths; SMR, 2.0; 95% Ci, 1.1-3.4) and respiratory cancer mortlity
(6 deaths; SMR, 3.1; 95% Ci, 1.1-6.7) were significantly increased. ln the sub-cohort
with chloracne, 20 or more years after first exposure, 18 cancer deaths were observed
(SMR, 1.9; 95% Ci, 1.1-3.0). An increase was also seen for digestive tract cancer
(6 deaths; SMR, 1.8; 95% CI, 0.7-4.0) and respiratory tract cancer (7 deaths; SMR, 2.4;
95% Ci, 1.0-5.0). ln the incidence analysis, a slight, nonsignificant increase in the risk
for all cancers combined with increasing 2,3,7,8-TCDD dose was obtained. Respiratory
tract cancer incidence was elevated in the high-dose group (8 cases; SMR, 2.0; 95% Ci,
0.9-3.9). With the Cox's regression model, afer controllng for other relevant varables,

a significant association between 2,3,7,8-TCDD dose and increase in digestive system
cancer was obtained, as both cause of death (CRR, 1.5; 95% Ci, 1.1-1.9) and incident
cases (CRR, 1.4; 95% Ci, 1.1-1.7). Joint analysis of 2,3,7,8-TCDD dose and cigarette
smoking showed a positive relationship between 2,3,7,8-TCDD dose and all cancers
combined among current cigarette smokers (2,3,7,8- TCDD dose, SMR (95% Ci) in
current smokers: -= 0.1, 1.2 (0.3-3.1); 0.1-0.99, 1.4 (0.3-4.2); 1.0-1.99, 3.0 (1.1-6.5);

~ 2 f.g/kg bw, 4.0 (1.5-8.6)) but not among nonsmokers.

(~ Offer Germn pwn~

Several reports have considered workers from a chemical plant operated by
Boehrnger-Ingelheim, in Hamburg, Germany, that produced herbicides heavily conta-
mInated with 2,3,7,8-TCDD and other PCDDs/PCDFs (Manz et aL., 1991; Nagel et aL.,
1994; Flesch-Janys et al., 1995; Becher et al., 1996). ln the latter study, workers from
three other German plants were also considered.

Manz et aL. (1991) reported the mortty experience of workers at the Hamburg plant
since late 1951. An outbreak of chloracne in 1954 led to a halt in the production of TCP
and 2,4,5-T. ln 1957, production was resumèd using a new process that reduced 2,3,7,8-
TCDD formation. The vital status of all permanent employees at the plant for at least
thee months between 1 Januar 1952 and 31 December 1984 (1184 men, 399 women)

was investigated though 1989. Causes of death were derived from medIcal records or,
when not available, from death certficates. 2,3,7,8-TCDD concentrations were measured .
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in workers from varous production deparments, mainly after the plant had closed in
1984. Workers were classified in exposure groups according to their work history: high
(496 subjects), medium (901) and low (186). Mean concentrations of 2,3,7,8-TCDD in
adipose tissue in 1985 from 48 volunteer surviving members of the cohort were
296 ng/kg (SD, 479; median, 137) in 37 workers in the high-exposure group and 83

nglg (SD, 73; median, 60) in 11 workers in the combined medium-/low-exposure

groups. For comparson, national death rates and rates from a cohort of sorne 3500
workers at the Hamburg gas supply company were used. ln the latter case, the folIow-up
period was restricted to 1985. SMRs and 95% Cls were estimated using standard
techniques assuming a Poisson distribution. Follow-up was 97% successfuL. ln men,
mortality due to aU cancers combined was increased in comparson with both the general
population (93 deaths; SMR, 1.2; 95% Ci, 1.0-1.5) and the gas workers (75 deaths;
SMR, 1.4; 95% Ci, 1.1-1.8). The increase was highest among those who entered the
plant before 1954 (who had the highest exposure to 2,3,7,8-TCDD based on the history
of the plant and subsequent serum measurement) and remained employed for 20 or more ,
years. ln men, in comparson with gas workers, deaths from all cancers combined were:
high exposure, 29 deaths (SMR, 1.8; 95% Ci, 1.2-2.6); medium exposure, 39 deaths
(SMR, 1.2; 95% Ci, 0.9-1.6); and low exposure, seven deaths (SMR, 1.5; 95% Ci, 0.6-
3.0) (p for trend = 0.24). Among specifie sites, significant increases were seen for lung
cancer (26 deaths; SMR, 1.7; 95% Ci, 1.1-2.4) and malignancies of the haematopoietic
system (9 deaths; SMR, 2.7; 95% Ci, 1.2-5.0). Smoking prevalence was similar in
chemical (73%) and gas (76%) workers. Suicides were also significantly increased in
comparson with both reference populations. Among women, mortality from aU cancers
combined was close to expectation; an increase was seen for breast cancer (9 deaths;
SMR, 2.2; 95% Ci, 1.0-4.1).

Mortality of the female workers in the cohort was further investigated by Nagel et al.
(1994). Compared with the results of Manz et aL. (1991), one additional breast cancer
death was identified (10 cases; SMR, 2.4; 95% Ci, 1.1-4.4). Cox's regression analysis
yielded increasing breast cancer risk with duration of employment. 2,3,7,8-TCDD levels
in blood or adipose tissue were measured for 26 women (22 for blood and 4 for adipose
tissue), with an arthmetic mean of 109.7 ng/kg (median, 23 nglg; range, 7-1439 ng/kg).

The mortality experience of 1189 male workers employed for at least three months
between 1952 and 1984 in the same plant in Hamburg was investigated through 1992
(Flesch-Janys et al., 1995). A quantitative exposure index was constrcted. Fourteen
relevant production deparments were identified and levels of PCDDs/PCDFs were
determned in the buildings, products and wastes. A detaled work history for each
worker ever employed in these deparments was constrcted. ln a sample of 190 workers,
concentrations of each PCDD/PCDF congener in adipose tissue or whole blood were
determned, and their levels at the end of workers' exposure were calculated assuming a
one-comparment first-order kIetic model; the contrbution of working time in each
production deparment to the end-of-exposure levels in these 190 workers was estimated.
Based on this model, an estIated tota end-of-exposure level was then calculated for

each worker employed in these deparments. The strongest association with 2,3,7,8-
TCDD levels was found for duration of employment in 2,4,5- T (estimated yearly
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increase, 75.6 ngJg blood) and TCP (estimated yearly increase .. 1957, 292 ng/kg)
production deparments. For the entire cohort, the mean estimated 2,3,7,8-TCDD level
was 141.4 ng/kg (median, 38.2 ngJg). Blood measurements of PCDDs are presented in
Table 14. Exposureto other carcinogens (e.g., dimethyl sulfate (see IARC, 1987g) and
benzene (see IARC, 1987h) had occurred in sorne deparments. As a reference, a cohort
of 2528 workers from agas supply company was adopted. Causes of death were ascer-
tained from hospita and medical records whenever possible, or from death certificates,
insurance data or next-of-kin interview. The validity of cause of death determnation was
successfully tested. Relative risks at seven exposure levels (reference, the first four
quintiles and the ninth and tenth deciles of the estimated 2,3,7,8-TCDD levels) were
estimated using Cox' s regression techniques. An internal comparson group was also
adopted composed of the chemical workers in the two lowest quintiles of the exposure
levels distribution. FoIlow-up was 99% successful. Total mortality was elevated in aU
2,3,7,8-TCDD exposure categories and showed a significant trend (p = 0.01) with
increasing exposure level. Updated relative risks (RR) for total TEQ levels (not 2,3,7,8-
TCDD'levels) were published in an erratum (Flesch-Janys, 1996) and were as follows for
all cancers combined (124 cases): 1.0-12.2 ng TEQ/kg, RR, 1.0 (95% CI, 0.6-1.8); 12.3-
39.5 ng TEQlkg, RR, 1.3 (95% CI, 0.8-2.1); 39.6-98.9 ng TEQlkg, RR, 1.2 (95% CI,
0.7-1.9); 99.0-278.5 ng TEQ/kg, RR, 1.2 (95% CI, 0.8-1.9); 278.6-545.0 ng TEQ/kg,
RR, 1.3 (95% CI, 0.7-2.3); 545.1-4362 ng TEQlkg, RR, 2.7 (95% CI, 1.7-4.4).
A significant pattern of increasing risk with increasing TEQ levels was also obtained for
cardiovascular and ischaemic hear diseases, but not for other causes of death. The

mortality pattern for aIl causes, aIl cancers, cardiovascular diseases and ischaemiç hear
diseases remained virally unchanged when 2,3,7,8-TCDD exposure levels were used.
When the internaI comparson group of chemical workers was adopted, thé relative risk
estirnates were lower and the confidence intervals wider. Nevertheless, total mortality
(RR, 1.4; 95% CI, 1.0-2.1) and all-cancer mortality (RR, 2.0; 95% CI, 1.1-3.8) remained
c1early elevated in the highest exposure category. When the 149 workers with exposure
to one of the possible confounders (dimethyl sulfate) were excluded from analysis, the
aIl-cancer mortality remained elevated, especially in the highest exposure category (RR,
2.3; 95% CI, 1.1-4.6) and the dose-response pattern was significant (p.. 0.01). Smokig
habits and socioeconomic status were similar in the chemical and gas worker cohorts. No
data on specifie cancer sites were r~ported.

Becher et al. (1996) reported the mortality of 2479 male workers employed in four
German plants who were involved in the production of phenoxy herbicides and chloro-
phenols or who were likely to have been in contact with these substances and their conta-
minants, PCDDs (often including 2,3,7,8-TCDD) and PCDFs. Only workers with
German nationality and at least one month of employment were included. The foIlow-up
was pedormed through 1989 (1992 in one plant). Cause of death was recorded from
death certificates or, in sorne cases, hospital or physician reports. Expected figures were
calculated from national rates. Blood concentrations of 2,3,7,8-TCDD were measured in
workers from thee of the four plants (Kogevinas et al., 1997). Workers in the Hamburg
plant (plant 1), including a group of females not considered here, had already been under
investigation (see above; Manz et aL., 1991; Nagel et al., 1994; Flesch-Janys et al., 1995;
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Flesch-Janys et aL., 1996b). ln this plant (1144 male workers), concentrations of 2,3,7,8-
TCDD in the order of 5-10 mg/kg were measured in 1957-70 in sorne products (chloro-
phenols and 2,4,5- T and its esters) and of 10-50 mg/kg in sorne process and waste
streams. After the early 1970s, the concentrations were below 1 mg/kg. Numerous cases
of chloracne occurred in 1954, at the early stage of development of herbicide manu-
facture. Measurements of blood concentrations from 190 workers in 1985-94 ranged
between 3 and 2252 ng/kg (mean, 141 ng/kg). ln plant II (135 workers), TCP was manu-
factured with 2,3,7,8-TCDD levels on average about 10 llglkg. Eleven cases of chloracne
were reported among maintenance workers in the early 1970s and measurements in
1989-92 from 20 workers ranged between 23 and 1935 nglkg fat (mean, 401.7 ng.kg). ln
plant III (520 workers), a varety of phenoxy herbicides were produced. 2,3,7,8-TCDD
levels in the products were reported to be in the 'sub-ppm range'. ln plant iV (680
workers) (BASF, but the cohort is different from that of the accident study), phenoxy
herbicides were synthesized in a large building where many other chemicals were also
produced. Measurements in 1996 from 19 workers ranged between 1.3 and 6.49 nglkg fat
(mean, 3.2 ng/kg). ln this plant, slightly elevated concentrations of higher chlorinated
PCDDs were found in synthesis workers. No cases of chloracne were reported in plants
ID or IV. ln the total cohort, mortality increases were seen for all cancers combined (138
deaths; SMR, 1.2; 95% Ci, 1.0-1.4), cancer of the buccal cavity and pharnx (9 deaths;
SMR, 3.0; 95% Ci, 1.4-5.6), lung cancer (47 deaths; SMR, 1.4; 95% Ci, 1.1-1.9),
lymphatic and haematopoietic neoplasms (13 deaths; SMR, 1.7; 95% Ci, 0.9-2.9) and
non-Hodgkin lymphoma (6 deaths; SMR, 3.3; 95% Ci, 1.2-7.1). Examnation of trends
with increasing tirne since first exposure showed: for all cancers combined (0-10 years:
15 deaths; SMR, 0.9; 95% Ci, 0.5-1.5; lQ- 20 years: 46 deaths; SMR, 1.3; 95% Ci,

0.9-1.7; ~ 20 years: 77 deaths; SMR, 1.2; 95% Ci, 1.0-1.5 fp for trend = 0.67)), for
lymphatic and haematopoietic neoplasms (0-10 years: 2 deaths; SMR, 1.1; 95% Ci, 0.1-
4.0; lQ- 20 years: 4 deaths; SMR, 1.7; 95% Ci, 0.5-4.4; ;; 20 years: 7 deaths; SMR,
1.9; 95% Ci, 0.8-4.0 fp for trend = 0.51)) and for non-Hodgkin lymphoma (0-10 years:
o deaths; lQ- 20 years: 2 deaths; SMR, 3.6; 95% Ci, 0.4-13.1; ~ 20 years: 4 deaths;
SMR, 4.3; 95% Ci, 1.2-10.9; fp for trend = 0.24)). AH-cause (345 deaths; SMR, 1.2;
95% Ci, 1.0-1.3) and alI-cancer mortlity (97 deaths; SMR, 1.3; 95% Ci, 1.1-1.6) was
elevated only for plant 1, where statistically significant increases were also seen for lung
cancer (31 deaths; SMR, 1.5; 95% Ci, 1.0-2.1), lymphatic and haematopoietic neoplasms
(11 deaths; SMR, 2.4; 95% Ci, 1.2-4.3), non-Hodgkin lymphoma (4 deaths; SMR, 3.8;
95% Ci, 1.0-9.6) and multiple myeloma (3 deaths; SMR, 5.4; 95% Ci, 1.1-15.9). Morta-
lit Y from accidents and suicide was also increased. An increase in the incidence of non-
Hodgkin lymphoma for plant II (2 deaths; SMR, 12.0; 95% Ci, 1.5-43.5), and in that of
cancer of the buccal cavity and pharnx for plant IV (6 deaths; SMR, 8.2; 95% Ci, 3.0-
17.9) were seen.

(e) British plants

Four cohorts of workers employed between 1963 and 1985 in British factories
producing or formulating - among other chemicals - phenoxy herbicides, including
2,4,5-T (Kauppinen et aL., 1993) and chlorophenols (sorne of which may have been
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contamnated by PCDDs) were investigated (Coggon et al., 1991). ln one of the plants
(factory A), 2,4,5-T was synthesized between 1968 and 1978. ln the other plants, 2,4,5-T
was formulated orny. The study was restricted to men. A total of 2239 subjects
(employed during 1963-85) met the inclusion criteria. Job histories were used to classify
workers according to potential exposure to phenoxy herbicides and chlorophenols.

Approximately 50% of employees had directly worked with phenoxy herbicides. No
environmental or personal monitoring had been cared out. Subjects were traced up to
December 1987. Information was obtained on cause of death for deceased persons and
on any cancers registered among living study subjects. Expected figures were obtained
from rates for England and Wales, and in sorne analyses adjustment for local differences
in mortality was applied. ln the combined cohort, aU-cause mortality was slightly higher
than expected (152 deaths; SMR, 1.1; 95% Ci, 0.9-1.3), and this was largely due to
excesses of circulatory diseases and deaths from violent causes. Mortality from aU-
cancers combined was as expected (37 deaths; SMR, 1.0; 95% CI, 0.7-1.4). StatisticaUy
nonsignificant excesses were present for lung cancer (19 deaths; SMR, 1.3; 95% CI, 0.8-
2.1) and non-Hodgkin lymphoma (2 deaths; SMR, 2.3; 95% CI, 0.3-8.3), even afer local
adjustment. When analysis was restricted to subjects with greater than background
exposure to phenoxy compounds or chlorophenols, the SMR for lung cancer was 1.2 (14
observed deaths; (95% CI, 0.7-2.1)). Both non-Hodgkin lymphoma deaths occurred
among these workers (SMR, 2.8; (95% CI, 0.3-10.2)). ln factory A, 12 cancer deaths
were observed (12.3 expected) and six were from lung cancer (SMR, 1.3 (95% CI, 0.5-
2.8)).

(j Dutch plants

The mortality of two cohorts of workers employed between 1955 and 1986 in the
synthesis and formulation of phenoxy herbicides and chlorophenols in the Netherlands
was examned (Bueno de Mesquita et al., 1993). ln one of the plants (A), where the main
production was 2,4,5-T and derivatives, an accident in 1963 caused a release of PCDDs,
including 2,3,7,8-TCDD. ln factory B, production included MCPA, 4-chloro-2-methyl-
phenoxypropionic acid (MCPP) and 2,4-D. The study enrolled 2074 manufacturing male
workers from the two plants (963 exposed to phenoxy herbicides and 1111 not exposed).
ln addition, 145 workers probably exposed to 2,3,7,8- TCDD during the industral
accident and the clean-up operations were examined. Definition of individual exposure to
phenoxy herbicides, chlorophenols or contamnants (PCDDs/PCDFs) was based on
occupational history derived from job records and personal interviews, including periods
of employment in different deparents and positions held. Follow-up was 97%
complete. The 190 female workers were excluded from the analysis. Of the accident
workers, orny 139 had suffcient data for analysis. Expected numbers of deaths were
calculated frOID national rates. ln addition, mortalty rates of exposed and non-exposed
workers were Internally compared by Poisson regression analysis. Among subjects in
factory A orny, in comparson with the general population, aU-cancer mortality was

Increased (26 deaths; SMR, 1.2; 95% CI, 0.8-1.7). Statistically nonsignificant increases
were also seen for cancers of the pancreas (3 deaths; SMR, 2.9; 95% CI, 0.6-8.4), large
intestine (3 deaths; SMR, 2.4; 95% CI, 0.5-7.0) and prostate (2 deaths; SMR, 2.2; 95%
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CI, 0.3-7.8), lymphosarcoma (non-Hodgkin lymphoma) (1 death; SMR, 2.0; 95% CI,
0.1-11.4) and myeloid leukaemia (1 death; SMR, 2.9; 95% CI, 0.1-15.9). No death due
to soft-tissue sarcoma was reported. In comparson with the non-exposed workers,
exposed subjects in both plants exhibited increased mortality from all cancers combined
(31 exposed deaths; rate ratio (RR), 1.7; 95% CI, 0.9-3.4) and respiratory tract cancer (9
deaths; RR, 1.7; 95% CI, 0.5-6.3). Six cancers of the urogenital organs were observed
among the exposed and none among the non-exposed. A nonsignificant increase in
deaths from lymphatic and haematopoietic neoplasms was also noted (4 deaths; RR, 2.6;
95% CI, 0.3-125). Increases in aH cancers combined (RR, 2.0; 95% CI, 0.8-4.9) and
lung cancer (RR, 3.9; 95% CI, 0.5-31.1) were confined to factory A, where the accident
occurred and where the opportunity for exposure to 2,3,7,8-TCDD was highest. ln the
smaH group of accident-exposed workers, 10 cancer deaths were observed (SMR, 1.4;
95% CI, 0.7-2.5).

T~e study was later extended in time (1955-91) and enlarged in size (2298 subjects
including 191 females) (Hooiveld et al., 1996a; Kogevinas et al., 1997). More accurate
and elaborate proxies of exposure were used in the analysis, based on modelled 2,3,7,8-
TCDD levels in serum, measured in 1993 in a súbset of31 surviving exposed (mean con-
centration, 53 ng/kg; range, 1.9-194) and 16 unexposed (mean concentration, 8 ng/kg)
cohort members. Fourteen subjects exposed during the accident in factory A in 1963 had
the highest levels (mean concentration, 96 ng/kg; range, 15.8-194). ln this factory, both
aH-cause (139 observed; SMR, 1.3; 95% CI, 1.1-1.5) and aH-cancer mortality
(510bserved; SMR, 1.5; 95% CI, 1.1-1.9) were significantly increased. Excesses at
specifie sites were seen for urinar bladder (4 observed; SMR, 3.7; 95% CI, 1.0-9.5),
kidney cancer (4 observed; SMR, 4.1; 95% CI, 1.1-10.4) and non-Hodgkin lymphoma
(3 observed; SMR, 3.8; 95% CI, 0.8-11.0). Non-Hodgkin lymphoma was also increased
in factory B (1 case orny). Age- and time-adjusted relative risks comparng exposed and
unexposed workers in factory A showed significant increases in mortalty from all causes
(139 observed; RR, 1.8; 95% CI, 1.2-2.5) and aH cancers (51 observed; RR, 3.9; 95% CI,
1.8-8.8). Lung and urinar tract cancers showed numerically higher, but statisticaHy
nonsignificant increases. Thee non-Hodgkin lymphomas were seen among the exposed
and one ahiong the unexposed (a nonsignficant increase). When workers were subdi-
vided into three categories (low, medium and high exposure) according to model-
predicted serum levels of2,3,7,8-TCDD, relative risks for all causes, aIl cancers and lung
cancer were significantly elevated in both middle and high categories, and were highest
in the highest exposure group.

(g) lARe multi-country study
An international cohort of workers exposed to phenoxy herbicides and chlorophenols

was set up by the International Agency for Research on Cancer in association with the
United States National Institute of EnvIronmenta Health Sciences (Saracci et al., 1991).
The cohort included 16863 men and 1527 women employed in production or spraying,
distrbuted among 20 cohorts from 10 countres, including the British and Dutch cohorts
described above. TheIr mortty from 1955 onwards was examned, and folIow-up was
successful for 95% of the cohort members. National mortalty rates were used for
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reference. Exposure assessment was based on work histories collecte,d in each factory
though questionnaires with the assistance of industral hygienists, workers and factory
personneL. A tota of 13 482 workers were classified as 'exposed' to phenoxy herbicides,
416 were classified as 'possibly exposed', 541 had 'unkown' exposure and 3951 were
classified as 'non-exposed. ln the entire cohort, aH-cause mortity was lower than
expected (SMR, 0.95; 95% CI, 0.9-1.0). Among men exposed to phenoxy herbicides or
chlorophenols, mortality from all cancers combined was close to expectation (499
observed; SMR, 1.0; 95% CI, 0.9-1.1). Significant increases were seen for thyroid
cancer (4 observed; SMR, 3.7; 95% CI, 1.0-9.4) and benign and unspecified neoplasms
(12 observed; SMR, 2.0; 95% CI, 1.0-3.5); significant deficits were observed for skin (3
observed; SMR, 0.3; 95% CI, 0.1-0.9) and brain cancer (6 observed; SMR, 0.4; 95% CI,
0.1-0.8). Elevated risks were also seen for cancers of the nose and nasal cavities (3
observed; SMR, 2.9; 95% CI, 0.6-8.5), testis (7 observed; SMR, 2.3; 95% CI, 0.9-4.6)
and other endocrine glands (3 observed; SMR, 4.6; 95% CI, 1.0-13.5) and for soft-tissue
sarcomas (4 observed; SMR, 2.0; 95% CI, 0.6-5.2). ln the probably exposed category,
lung cancer mortality was significantly increased (11 observed; SMR, 2.2; 95% CI, 1.1-
4.0). Significant increases were also seen among non-exposed workers, for unspecified
digestive organs and for benign and unspecified neoplasms. The increase in soft-tissue
sarcoma concerned workers after 10-19 years since first exposure (4 observed; SMR,
6.1; 95% Ci, 1.7-15.5); no differentiation in risk was noted in relation to duration of
exposure or probable 2,3,7,8-TCDD exposure. The SMR estimates for testicular and
thyroid cancer were highest among workers probably exposed to 2,3,7,8-TCDD (SMR,
3.0 and 4.3, respectively) compared with those probably not exposed (SMR, 1.6 and 3.1,
respectively).

Two nested case-control studies of soft-tissue sarcoma (11 incident cases, 55
controls) and non-Hodgkin lymphoma (32 incident cases, 158 controls) were conducted
by Kogevinas et al. (1995) within the IARC cohort studied by Saracci et aL. (1991).
Exposures to 21 chemicals or mitures were estimated by a panel of thee industral

hygienists. Levels of exposure were evaluated using a relative scale, since few actual
measurements of past exposure were available. A cumulative exposure score was
calculated for each subject and chemical, on the basis of estimated level of exposure and
duration of exposure (in years). The model that was used as the conceptual framework in
deriving levels of exposure included varables related to deparment/job, emission of
chemicals, contact with chemicals, personal protection, and other relevant determnants
of exposure. Excess risk for soft-tissue sarcoma was associated with exposure to any
phenoxy herbicide (odds ratio, 10.3; 95% Ci, 1.2-91.0) and to each of the three major
classes of phenoxy herbicides (2,4-D, 2,4,5-T and MCPA). Soft-tissue sarcoma was also
associated with exposure to any PCDD/PCDF (odds ratio, 5.6; 95% Ci, 1.1-28.0) and
with exposure to 2,3,7,8-TCDD (odds ratio, 5.2; 95% Ci, 0.9-32.0). Associations
between non-Hodgki lymphoma and phenoxyherbicides were generally weaker. The
odds ratio between non-Hodgkin lymphoma and 2,3,7,8-TCDD exposure was 1.9 (95%
Ci, 0.7-5.1). A monotonie increase in risk was observed for cumulative exposure (cate-
gorized in four categories, non-exposed, low, medium, high exposure) to 2,4- D (odds
ratio for highest category, 13.7; 95% Ci, 0.9-309; p-value for trend = 0.01), 2,4,5-T
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(odds ratio for highest category, 7.7; 95% CI, 0.5-477; p-value for trend = 0.07), any
PCDD/PCDF (odds ratio for highest category, 19.0; 95% CI, 1.3-1236; p-value for trend
= 0.008) and 2,3,7,8-TCDD (odds ratio for highest category, 10.6; 95% CI, 0.6-671;
p-value for trend = 0.04). (The Working Group noted that analysis for specifie exposures
was complicated by the exposure of most workers to a multitude of herbicides.)

Whle Saracci et al. (1991) studied the men in the IARC cohort, 701 women were
studIed by Kogevinas et al. (1993) for both cancer incidence and mortality. Among 169
women probably exposed to 2,3,7,8-TCDD, excess incidence was observed for aIl
cancers combined (9 cases; standardized incidence ratio (SIR), 2.2; 95% CI, 1.0-4.2).
There was one case of breast cancer (SIR, 0.9; 95% CI, 0.0-4.8). For 532 women
probably not exposed to 2,3,7,8-TCDD, the rate ratio for incidence of aIl cancers
combined was 0.8 (20 cases; 95% CI, 0.5-1.2). Cause-specifie analyses were based on
small numbers. Mortality results paralleled those for incidence.

The international cohort studied by Saracci et al. (1991) was updated and expanded
with the data of Fingerhut et al. (1991a,b) and Becher et aL. (1996) (Kogevinas et al.,
1997). FolIow-up differed by plant, but most European plants were foIlowed though
1991-92, while the United States plants were followed through 1987. Each of the 21 863
male and female workers exposed to phenoxy herbicides or chlorophenols was placed in
one of three categories: (1) those exposed to 2,3,7,8-TCDD or higher chlorinated PCDDs
(n = 13 831); (2) those not exposed to 2,3,7,8-TCDD or higher chlorinated PCDDs (n =
7553); and (3) those of unkown exposure to 2,3,7,8-TCDD or higher chlorinated
PCDDs (n = 479). The latter category included all workers in one British cohort for
which production history, paricularly for 2,4,5- T, was incomplete. Thee criteria were
used to c1assify workers as exposed to 2,3,7,8-TCDD or higher chlorinated PCDDs:
(i) employment during the period of production, formulation or spraying of 2,4,5- T,
2,4,5-trchlorophenoxypropionic acid, TCP, hexacWorophene, Erbon, Ronnel, PCP or
2,3,4,6-tetrachlorophenol; and (ii) employment in plants with documented (though
serum, adipose tissue or environmental measurements) exposure to 2,3,7,8-TCDD or
higher cWorinated PCDDs at levels above background; or (iii) in the absence of PCDD
measurements, employment in plants or companies with documented large-scale
production, formulation or spraying of the above-mentioned phenoxy herbicides and
chlorophenols. An average production of these chemicals of 10 tonnes per year was
chosen a priori, below which it was considered that the probability of contamnation and
significant exposure to 2,3,7,8-TCDD and higher chlorinated PCDDs would be minimal
for most workers in a cohort. Current mean levels of 2,3,7,8-TCDD, measured in 574
workers from 10 companies in 7 countres, ranged from 3 to 389 ng/kg lipid. Among
workers exposed to 2,3,7,8-TCDD or higher chlorinated PCDDs, mortality was elevated
for soft-tissue sarcoma (6 deaths; SMR, 2.0; 95% CI, 0.8-4.4). Mortality from all cancers
combined (710 deaths; SMR, 1.1; 95% CI, 1.0-1.2), non-Hodgkin lymphoma (24 deaths;
SMR, 1.3; 0.9-2.1) and lung' cancer (225 deaths; SMR, 1.1; 95% CI, 1.0-1.3) was
slightly elevated. RIsks for' a1 cancers combined and for soft-tissue sarcomas and
lymphomas increased with tIme since first exposure. Workers not exposed to 2,3,7,8-
TCDD or higher chloriated PCDDs had SMRs of 1.0 for all cancers, for non-Hodgkin
lymphoma and for lung cancer; soft-tissue sarcoma was slightly elevated, based on two
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deaths (SMR, 1.4; 95% CI, 0.2-4.9). ln a direct comparson between those exposed to
higher chlorinated PCDDs versus lower ones or none, a rate ratio of 1.3 (95% Ci, 1.0-
1.8) for all cancers combined was found. This study represents the largest overall cohort
of 2,3,7,8- TCDD-exposed workers.

2.1.2 Population exposure due to industrial accident

The mortality and cancer incidence among the population of Seveso exposed in the
industrial accident described in Section 1.3.1 were investigated. The contaminated area
was subdivided into three exposure zones (zone A, zone B and zone R), according to the
average levels of 2,3,7,8-TCDD measured in soil samples. The most contaminated,

Zone A, extended for 87 hectares and average soil levels between 15.5Ilg/m2 and
580lig/m2 were found. ln Zone B (270 hectares), soil levels did not exceed, on average,
50lig/m2. ln Zone R (1430 hectares), soil levels were generally below 5 Ilg/m2. All
persons residing in these zones at the time of the accident, as well as all newbom infants
and new residents in the subsequent 10-year period, were considered to have been
exposed. Measurements of blood levels of 2,3,7,8- TCDD in members of the exposed
population are described in Section 1.3.1. Thee exposure categories were formed,
corresponding to the zone of residence of the subjects at the time of the accident or later
entr into the area. As a reference, the population of 11 municipalities surrounding the

contaminated area was adopted. Ethnie, social, cultural and occupational characteristics
were closely comparable. The exposed and referent populations were followed up as if
they were a unique cohort, blindly to the exposure status of the subjects. The follow-up
after 15 years was ;: 99% successful (Bertazzi et aL., 1993). Causes of death were derived
from death certificates. ln the period 1976-91, there were 750 subjects in Zone A and 16
cancer deaths, 5000 subjects in Zone B and 152 cancer deaths, and 30000 subjects in
Zone R and 1008 cancer deaths. The reference population comprised over 200 000
subjects (Bertazzi et al., 1996).

The cause-, age-, gender- and calendar time-specific mortality rates in the exposed
and reference populations were compared using Poisson regression methods (Bertazzi
et al., 1996). All-cause and alI-cancer mortality did not differ significantly from those
expected in any of the contamnated zones. Mortality from gastrointestinal cancer was
increased. Women had a relative risk for all digestive system cancers combined of 1.5
(5 deaths; 95% Ci, 0.6-3.6) in Zone A and liver cancer (3 deaths; RR, 1.3; 95% Ci, 0.4-
4.0) in Zone B. Among men, increases were seen for rectal cancer (7 deaths; RR, 2.9;
95% Ci, 1.4-.2) in Zone B and for cancer of the oesophagus (30 deaths; RR, 1.6; 95%
Ci, 1.1-2.4) in Zone R. Neoplasms of the lymphatic and haematopoietic tissues were
clearly elevated in Zone B. The highest risks were seen for leukaemia in men (7 deaths;
RR, 3.1; 95% Ci, 1.4-.7), multiple myeloma in women (4 deaths; RR, 6.6; 95% Ci,

2.3-18.5) and Hodgkin's disease in both men and women (men: 2 deaths; RR, 3.3; 95%
Ci, 0.8-14.0; women: 2 deaths; RR, 6.5; 95% Ci, 1.5-30.0). Two cases of thyroid cancer
in Zone B; one each in men and women, represented a notable, although nonsignificant
increase (RR, 3.9; 95% Ci, 0.4-14.1). Four cases of soft-tissue sarcoma were seen in
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Zone R among men (RR, 2.1; 95% CI, 0.7-6.5). Breast cancer was below expectation in
all zones.

Cancer incidence data are available for the period 1977-86 (Bertazzi et al., 1993) for
the population aged 20-74 years and residing in the area at the date of the accident.
Cancer diagnoses were obtained from the regional registration system of hospital
admissions and discharges. Of the 41 801 relevant medical records, 41 778 were success-
fully reviewed. The proportion of non-detected cases ranged from 2.6% to 6.8% across
hospitals, and the overall histologie al confirmation rate was 72%. Quality and
completeness of cancer case ascertainment did not var appreciably across zones or with

the referent population. ln Zone A, no significant differences from expectation were seen
(14 cancer cases in total). ln Zone B, hepatobiliar cancer was increased among both
women (5 cases; RR, 3.3; 95% CI, 1.3-8.1) and men (5 cases; RR, 1.8; 95% CI, 0.7-4.4).
Haematopoietic system neoplasms were significantly increased. Among women,
increases were seen for multiple myeloma (2 cases; RR, 5.3; 95% Ci, 1.2-22.6) and
myeloid leukaemia (2 cases; RR, 3.7; 95% Ci, 0.9-15.7) and, among men, increases
were seen for lymphoreticulosarcoma (3 cases; RR, 5.7; 95% Ci, 1.7-19.0) and multiple
myeloma (2 cases; RR, 3.2; 95% CI, 0.8-13.3). ln Zone R, soft-tissue' sarcoma incidence
was increased in both women (2 cases; RR, 1.6; 95% CI, 0.3-7.4) and men (6 cases; RR,
2.8; 95% Ci, 1.0-7.3). Breast and endometral cancers were below expectation. The
cancer incidence among subjects aged 0-19 years was analysed separately (Pesatori
et al., 1993). Given the small number of events, the three contamnated zones and both
genders were grouped together. Seventeen cancer cases were observed (RR, 1.2; 95% Ci,
0.7-2.1). Two ovaran cancer cases were observed versus none expected. Two thyroid
gland cancers among girls gave a relative risk of 4.6 (95% Ci, 0.6-32.7). Lymphatic and
haematopoietic neoplasms were increased (9 cases; RR, 1.6; 95% CI, 0.7-3.4),

paricularly Hodgkin's lymphoma (3 cases. RR, 2.0; 95% Ci, 0.5-7.6) and myeloid
leukaemia (3 cases; RR, 2.7; 95% Ci, 0.7-11.4). (The Working Group noted that the size
of the most exposed population is small and that the latency of 15 years may be short for
certain health effects to manifest themselves. Measurements of blood levels of 2,3,7,8-
TCDD (see Section 1.3.1) are available for only small samples of the exposed popu-
lations.)

2.1.3 Industrial exposure to higher chlorinated PCDDs

Two United States studies have focused on cohorts exposed to PCP or chlorophenates
(penta and tetra); these chemicals contain predominantly higher chlorinated PCDDs (C16-:
Cig) but not 2,3,7,8-TCDD (United States Environmental Protection Agency, 1994).
Many workers in one ofthese studies also had exposure to 2,3,7,8-TCDD.

ln. another study of pentachlorophenate-exposed industral workers, Hertzman et al.
(1997) studied 23 829workers from 11 Canadian sawmills in British Columbia which
used chlorophenates from the 1940s to the 1970s. Another 2658 unexposed workers from
thee sawmills not using chlorophenates were also studied. Cohort members had to have
worked for at least one year between 1 Januar 1950 and 31 December 1985. Follow-up
was though 1990. Jobs were rated according to level of chlorophenate exposure and a
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quantitative eKposure score was developed. Most exposure was dermal, although some
inhalation exposure could occur. ln the 1960s and 1970s, sawmills switched from using
predominantly pentachlorophenates, which would be expected to have contained higher
cWorinated PCDDs and PCP, to tetrachlorophenates (less contaminated with higher
chlorinated PCDDs). Exposure to chlorophenates was widespread in the industry. Wood
was dipped in chlorophenates and then planed; exposures occurred during both

processes. Urine samples taken in the 1980s showed significant levels of chlorophenates
(median, 180 J.g/L) (Hertzman et al., 1988). Mortality and cancer incidence rates were
compared with the population of British Columbia; cases were identified from either
cancer registry data Qr death certificates. There were 583 190 person-years in
chlorophenate mills and 41 280 in non-chlorophenate mills, with 70 119 potential
person-years lost to follow-up (11.2%); analyses were conducted either assuming that
lost-to-follow-up workers were alive until the end of 1990 (method 1) or assuming that
person-time ended when a worker was lost to follow-up (method 2). There were 4710
deaths in the cohort (1950-89) (4539 in exposed mill workers and 171 in non-exposed
mill workers) and 1547 incident cancer cases (1969-89) (1498 in exposed mill workers
and 49 in non-exposed mill workers). The SMR for all causes of death among workers at
chlorophenate mills was 0.81 (95% Ci, 0.79-0.83) by method 1 of treating loss to
follow-up and 0.96 (95% CI, 0.94-0.99) by method 2; the SMR for non-chlorophenate
mills was 0.89 (95% CI, 0.78-1.01) with method 2. ln the chlorophenate mill workers,
there were six deaths from soft-tissue sarcoma (SMR using method 1 for loss to follow-
up, 1.2; 95% CI, 0.5-2.3; SMR using method 2, 1.4; 95% CI, 0.6-2.8). There were 11
incident cases of soft-tissue sarcoma (SIR using method 1, 1.0; 95% CI, 0.6-1.7; and
using method 2, 1.2; 95% CI, 0.7-1.9). There were 36 deaths from non-Hodgkin

lymphoma (SMR using method 1,0.9; 95% CI, 0.7-1.2 or SMR using method 2, 1.1;
95% CI, 0.8-1.4) and 23 deaths from lymphosarcoma (SMR using method 1, 1.3; 95%
CI, 0.9-1.8 or SMR using method 2, 1.5; 95% CI, 1.0-2.1). There were 63 incident cases
of non-Hodgkin lymphoma during the study period (SMR using method 1, 1.0; 95% CI,
0.8-1.2 or SMR using method 2, 1.2; 95% CI, 1.0-1.5). While no trend was observed for
mortality from non-Hodgkin lymphoma with cumulative exposure, a significant positive
trend of SIR for non-Hodgkin lymphoma was seen with increasing cumulative exposure
to chlorophenate (p = 0.02). The SIR for the group with the highest cumulative exposure
and 20 or more years' exposure was 1.5 (p = 0.04).

Ramlow et al. (1996) studied 770 workers from the occupational cohort in Midland,
MI, studied by Ott et al. (1987) and Bond et aL. (1989a) (see Section 2.1.1), but restricted
to those cohort members with sorne exposure to PCP. Although the authors provide no
details, most of these workers (approximately 85%) were also exposed to 2,3,7,8-TCDD
based on detailed data from the United States NIOSH cohort (Fingerhut et al., 1991b).
FolIow-up was from 1940 though 1989; both the United States population and another
group of unexposed male workers from the same company were used as referent groups.
Exposure scores for PCP were developed, in addition to the exposure scores for 2,3,7,8-
TCDD and hexa-, hepta- or octa-CDDs used previously by Ott et aL. (1987). The average
length of follow-up was 26.1 years and 'there were 20 107 person-years in the study.
There were 229 deaths from all causes in the whole cohort (SMR, 0.9; 95% CI, 0.8-1.1)
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and 50 cancer deaths (SMR, 1.0; 95% CI, 0.7-1.3). The SMR for a category of non-
Hodgkin lymphoma and myeloma combined was 2.0 (5 deaths; 95% CI, 0.7-4.7); the
authors noted that two of these cancers were myeloma (versus approximately 0.8

expected), while three were non-Hodgkin lymphomas (approximately 1.7 expected).
Stomach cancer mortality was slightly elevated (4 deaths; SMR, 1.7; 95% CI, 0.5-4.3),
as was kidney cancer mortality (3 deaths; SMR, 2.3; 95% CI, 0.5-6.7). No deaths from
liver cancer were observed (1.1 expected) nor from thyroid cancer (0.1 expected),
cancers a priori of interest from animal studies. Results of analyses for;; 15 years'
potential latency were also presented, which differed lIttle from those of the overall
analysis. Analyses by cumulative exposure to PCP were conducted for 'low PCP' and
'high PCP' groups compared with unexposed workers using a varety of lag periods. A
significant positive trend was noted for kidney cancer with increasing exposure when a
15-year lag was used (p = 0.03) and a nearly significant positive trend was noted for the
combined category of non-Hodgkin lymphoma and myeloma (p = 0.08). Similar trends
were seen for these two cancer categories when the data were stratified by level of
exposure to 2,3,7,8-TCDD or hexa-, hepta or octa-CDDs.

ln three cohorts included in the IARC international cohort, 842 workers were
evaluated to have been exposed to higher chlorinated PCDDs but not to 2,3,7,8-TCDD.
The workers had been producing PCP in a plant in England, 2,3,4,6-tetrachlorophenol in
a plant in Finland and a varety of phenoxy herbicides in a plant in Germany. ln the latter
group of workers, serum levels of 2,3,7,8-TCDD were around background, while an'
elevation was seen for higher chlorinated PCDDs, especially among synthesis workers
(Messerer et aL., 1996). Mortality from aIl neoplasms was around that expected from
national mortaIity rates (41 deaths; SMR, 1.0; 95% Ci, 0.7-1.4). No deaths from soft-
tissue sarcoma (0.2 expected) or non-Hodgkin lymphoma (0.7 expected) were registered
in these three cohorts, while mortality from lung cancer was higher (19 deaths; SMR,
1.5; 95% Ci, 0.9-2.3) than in 2,3,7,8-TCDD-exposed workers (Kogevinas et aL., 1997).

2.2 Herbicide exposures

Introduction

Studies of herbicide exposure among farers, pesticide applicators and other non-
industral populations were included in this review either if there was explicit evidence
that exposure included 2,4,5-T (known to be contamnated with 2,3,7,8-TCDD), or if
data on individual exposure to phenoxy herbicides as a class was available and it was
known that 2,4,5- T was used in the area. SeveraI studies of applicators without adequate
documentation of exposure to 2,4,5- T or other phenoxy herbicides were not considered
informative, such as those of Barhel (1981), Corrau et aL. (1989) and Eriksson et aL.
(1992). ln addition, studies with exposure to phenoxy herbicides limited to 2,4-D, MCPA
or other compounds typically not found to be contamnated with higher chlorinated
PCDDs were excluded, such as those of Wigle et aL. (1990) and Morrson et aL. (1993,
1994). Simlarly, studies of paper and pulp mill workers were not considered, because
measurements of PCDDs in biological tissues of workers have not shown that their levels
were elevated (Rosenberg et aL., 1994, 1995; Mouradian et al., 1995; see Section 1.3.1).
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ln these studies, direct evidence of exposure to 2,3,7,8-TCDD is often lacking. The
limited data available indicate that exposure to 2,3,7,8- TCDD is likely to be substantially
lower than exposure in industrial cohorts (see Section 1.3.1). For example, in the most
heavily exposed applicators of 2,4,5- T in New Zealand, who applied 2,4,5- T for at least
180 months, the estimated mean serum level of 2,3,7,8-TCDD at the time of blood
drawing was 53 ng/kg (Smith et al., 1992a). Back extrapolation of this level to the period
when 2,4,5-T was likely to be most contaminated with 2,3,7,8-TCDD gave a value of
around 300 ng/kg. Among United States Air Force personnel (Ranch Hand) who applied
Agent Orange from 1962 to 1971, generally for relatively short periods, the median
serum 2,3,7,8-TCDD level in 1987 was 13 ng/kg, which when back-extrapolated would
be about 50 ng/kg (Roegner et al., 1991). These levels are about one order of magnitude
lower than the back-extrapolated 2,3,7,8-TCDD levels estimated for many industrial
cohorts. ln data from Australia (Johnson et al., 1992a), the range of serum 2,3,7,8-TCDD
levels at time of blood drawing in 1990 in 33 applicators randomly selected from a group
of 654 men who had applied 2,4,5-T and 2,4-D for at least 12 months was 2-34 ng/kg.
Back -extrapolation to the time exposure ceased, using a half life of 7.1 years, revealed

that those who sprayed after 1974 (the period when 2,3,7,8-TCDD contamination of
2,4,5- T was markedly reduced) had a significantly lower mean exposure rate (0.06 ng/kg
per month) compared with workers who sprayed before 1965 (2.7 ng/kg per month) or
during 1965-74 (2.3 nglg per month). For those workers who sprayed during 1965-74,
the estimated serum TCDD concentrations at termnation of employment ranged from 13
to 329 ng/kg.

ln Sweden, no difference in 2,3,7,8-TCDD levels in adipose tissue was found between
13 exposed (mean 2,3,7,8-TCDD, 2 ng/kg) and 18 non-exposed subjects (mean 2,3,7,8-
TCDD, 3 ng/kg) (Nygren et aL., 1986; see Section 1.3.1(a)(ii)). Exposure was defined as
in the Swedish case-control studies on soft-tissue sarcoma and non-Hodgkin lymphoma
(e.g., Hardell et al., 1981) (see Section 2.2.2). The 13 exposed subjects sampled were not
a representative sample of phenoxy herbicide applicators in Sweden, and these results
may not be generalizable.

Applicators of phenoxy herbicides in most of the epidemiological studies applied

these herbicides for only a short time. Analyses restricted to 'long duration' often
inc1uded only a few subjects exposed for more than a year. ln light of the above data, it is
to be expected that 2,3,7,8-TCDD levels in herbicide applicators would be very low.

2.2.1 Applicator cohorts (Table 34)

(a) Commercial

A cohort study of 348 male railroad workers in Sweden exposed to herbicides during
the period 1957-72 was initially followed though 1972 (Axelson & Sundell, 1974) and
subsequently through 1978 (Axel son et al., 1980). The workers had been exposed to
amtrole (see IARC, 1987i) and to phenoxy herbicides, paricularly 2,4-D and 2,4,5-T.
Only workers with a minimum of 45 days of exposure, not necessarly continuous, were
inc1uded in the cohort. W orkers were classified into three sub-cohorts depending on the

type of herbicide used: those with exposure to amitrole, those with exposure to
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Table 34. Cohort studies of cancer in relation to herbicide application

Reference, Study subjects Study type/ Exposure Gender Cancer site/ No RR 95% CI Comments
countr Period of cause of death obs.

folIow-up

Axe1son et al. 348 rai1road herbicide Morta1ity 2,4-D, 2,4,5- Men AlI cancers 13 2.4 (1.3-4.1) Exposed in 1957-61
(1980), sprayers 1957-78. T, amtro1e and Stomach 3 5.3 (1.-15.5) Exposed in 1957-61
Sweden Latency combinations, AlI cancers 3 1.5 (0.3-4.4 ) Exposed to amtrole

~~ 10 years others 6 1.9 (0.7-4.1) Exposed to phenoxy n
herbicides ~6 3.4 (1.2-7.4) Exposed to both 0

AlI cancers 6 2.3 (0.8-5.0) FolIow-up 1972-78 Z
Stomach 2 7.7 (0.9-27.8) Exposed to phenoxy 0

ci
herbicides

~RiIhmäk et al. 1926 herbicide Mortality, 2,4-D,2,4,5-T, Men AlI cancers
:i(1982), applicators during 1972-80 ~ 2 weeks per No latency 26 (0.7) (0.5-1.0) Cf

Finand 1955-71 year ~ 10 years latency 20 (0.8) (0.5-1.3) ~
~ 15 years latency 5 (0.4) (0.1-1.0) 0

t"Lung c:
~ 10 years 1atency 12 (1.) (0.6-1.9) ~
~ 15 years latency 4 (0.9) (0.2-2.2) 't

0'Prostate 1.
~ 10 years latency 2 ( 1.8) (0.2-6.6)

Multiple myeloma
~ 10 years 1atency 1 (5.0) (0.1-28)

Most heavi1y AlI cancers
exposed ~ 10 years latency 5 (0.5) (0.2-1.2)
~ 8 weeks per ~ 15 years 1atency 1 (0.2) (0.0-1.)
year or during
5 years



Table 34 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/ No RR 95% CI Comments 'icountr Period of cause of death obs. 0
follow-up t"~n

Hansen et al. 4015 gardeners, Incidence, Greenhouse Men AIl cancers 184 1. 0.9-1.2 P(1992), 1975-84 1975-84 workers Respiratory tract 41 1.0 0.7-1.3 0Denmark (10-20%): STS 3 5.3 1.-15
~fungicides, Haematopoietic (all) 15 1.4 0.8-2.4
~insecticides; NH 6 1.7 0.6-3.8
tioutdoor CLL 6 2.8 1.0-6.0

gardeners Other leukaemIa 3 1.4 0.3-4.2 0
0(80-90% ): AU cancers 33 0.9 0.6-1. æ2,4-D,2,4,5-T, W omen Respiratory tract 2 0.7 0.1-2.6

~
MCPA, Breast 10 1. 0.5-2.1
amtrole, other STS 0 0 0-1 0
herbicides Haematopoietic (all) 2 1.4 0.2-5.0 ~

$:NHL 2 3.6 0.4-13
~CLL 0 0 0-17 10Other 1eukaemIas 0 0 0-11 -0

Hogstedt & 145 forestr workers, Mortality 2,4-D, 2,4,5- T Men AU cancers (mortality) 2 (0.4) (0.0-1.3) Exposed
~Westerlund 251 unexposed 1954-78, 2: 5 days 3 (3.0) (0.6-8.8) Foremen u:(1980), foresters incidence 5 (0.8) (0.3-1.8) Unexposed

Sweden 1958-78 All cancers (incidence) 3 (0.4) (0.1-1.0) Exposed
5 (3.6) (1.2-8.3) Foremen

"'
0\-i
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Table 34 (contd)

Reference, Study subjects Study type/ Exposure Gender Cancer site/ No RR 95% CI Comments
countr Period of cause of death obs.

follow-up

Wikund et aL. 20 245 pesticide Incidence, Herbicides Men All cancers
(1987, 1988, applicators, licensed 1965-82 (2070% ): (99% ); No latency 558 0.9 0.8-0.9 -
1989), 1965-76 MCPA, dinoseb, Women ;? 10 years latency 281 0.9 (0.8- 1.0) ~Sweden 2,4-D,2,4,5-T; (1%) Lung n

insecticides No latency 38 0.5 0.4-.7 ~
(15-50% ): ;: 10 years latency 23 0.6 (0.4-0.8) 0
DDT, NH Z0fenitrothon; No latency 21 1.0 0.6-1. 0
fungicides ;: 10 years latency 12 1.2 0.6-2.0 ~(10-30%): Hodgki's disease 'i
maneb, No latency 11 1.2 0.6-2.2 :i

entradimefon ;: 10 years latency 4 1.5 0.4-3.7 ~
STS 0
No latency 7 0.9 0.4-1.9 t"

~;: 10 years latency 4 1.0 0.3-2.7
trKetchum & 1261 Ranch Hand Mortality Agent Orange Men All cancers 30 0.9 0.6-1.3 US Air Force Viet 0\

Aktar (1996), veterans (Viet Nam) though 1993 median serum Lung 3 (0.9 0.5-1.6) Nam veterans who \0
USA 2,3,7,8-TCDD All haematopoietic 12 (0.9 0.2-2.5) applied Agent Orange,

12 ng/g in NH 1 (1.4 0.0-7.7) compared to 19 101
1987 STS 1 (2.4 0.1-13.6) Air Force Viet Nam
( comparson Digestive system 5 (0.7 0.2-1.5) veterans who did not
4 ng/g) apply Agent Orange

Abbreyiations: NH, non-Hodgkin lymphoma; STS, soft-tissue sarcoma; CLL, chronic lymphocytic leukaemia
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phenoxyherbicides and those with exposure to both. Workers had also been exposed to
sorne less commonly used herbicides such as monuron, diuron, or atrazine (see IARC,
1991). None of the 348 individuals was lost to folIow-up. Underlying cause of death was
recorded on the basis of information from death certificates as classified by the National
Central Bureau of Statistics. Expected numbers of deaths were calculated using cause-,
calendar period- and age-specific national mortality rates. Mortality rates for 1975 were
used for the period 1975-78 since national rates were not available at the time of the
study for the last three years. ln the total cohort, alI-cause mortality was approximately
that expected (45 deaths; SMR, 0.9, (95% CI, 0.7-1.2)) and mortality from aIl cancers
combined was slightly elevated (17 deaths; SMR, 1.4 (95% CI, 0.8-2.3)). The SMRs for
all cancers in the sub-cohort exposed to phenoxy herbicides was 1.1 (6 deaths (95% CI,
0.4-2.3)), with an excess observed for stomach cancer (2 deaths; SMR, 3.1 (95% CI,
0.4-11.1)). The SMR for all cancers combined in the sub-cohort exposed to both
phenoxy herbicides and amitrole was 2.1 (6 deaths (95% Ci, 0.8--.5)) with an excess for
stomach cancer based on only one death (0.3 expected) and lung cancer (one death; 0.5
expected). When a 10-year latency period was applied, the SMR for aIl cancers
combined for the phenoxy herbicides sub-cohort was 1.9 (6 deaths (95% CI, 0.7--.2))
and that for the sub-cohort exposed to both phenoxy herbicides and amItrole was 3.4 (6
deaths (95% CI, 1.2-7.3)).

A follow-up study was conducted among forestr workers in Sweden (Hogstedt &
Westerlund, 1980). One hundred and fort-five male forestr workers registered as
having worked with phenoxy herbicides (2,4-D and 2,4,5-T) for at least five days, 16
foremen (c1aimed to be highly exposed) and 251 unexposed foresters were identified
from pay lists of a timber company in Hälsingland between 1954 and 1967. Persons who
worked for more than five days with other herbicides were not inc1uded. Vital status and
cause of death were assessed for the period 1954-78 from national health registers,
except for three exposed and seven unexposed foresters. Incident cancer cases between
1958 and 1978 were identified though cancer registres. National statistics were used as
a reference. The average duration of exposure was 30 days (range, 6-114) among forest
workers and 176 days (range, 16-317) among foremen. ln the exposed cohort, 29 deaths
occurred versus 28.0 expected; 47 deaths were observed in the unexposed versus 64.4
expected. Tumour deaths were thee (versus 1.0 expected) among foremen, two (versus
5.4 expected) among exposed workers and five (versus 6.4 expected) among unexposed
workers. Incident cancer cases were in excess among foremen (5 versus 1.4 expected; p
-0 0.02) and less than expected in the other exposed workers (3 versus 8.4 expected). No
specifie cancer site was remarkable (stomach (1), pancreas (2), lung (1), skin (1), prostate
(2), urinar bladder (1)).

A cohort of male phenoxy herbicide applicators in Finland was followed prospec-
tively from 1972 to 1980 (Riihmäk et al., 1982). The herbicides 2,4-D and 2,4,5-T had
been used in Finland since the mid-1950s, with the peak consumption (about 50-70
tonnes of active ingredient per year) occurrng in the late 1960s. Analysis of sorne old
herbicide preparations used in Finland in 1962-67 suggested that the 2,3,7,8-TCDD
content ranged between 0.1 and 0.9 mgJg. After 1972, the use of these chemicals
declined. The cohort of herbicide applicators was identified in 1972 from the personnel
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records of the four main Finnish employers involved in chemical control of brushwood.
The cohort inc1uded 1971 men exposed to 2,4-D and 2,4,5-T for at least two weeks
during 1955-71. The data were collected by office personnel in the companies from
varous sources such as payrolls. ln some cases, supplementar information was sought
through interviews with foremen and c1erks. About a quarer of the population had been
exposed for more than eight weeks, as of 1971. During 1955-71, 45 individuals died,
leaving 1926 subjects alive followed during 1972-80; fifteen subjects were not located in
the population data register and were excluded from the cohort. The underlying cause of
death for all deceased subjects was retrieved from death certificates registered at the
Central Statistical Office. National age- and sex-specific mortality rates for 1975 were
used to calculate expected numbers of deaths. Mortality from all cancers during the
period 1972-80 was lower than expected from national rates (26 deaths (SMR, 0.7; 95%
Ci, 0.5-1.0)), with a slightly higher rate observed during the last years of follow-up,
(1977-80; 17 deaths (SMR, 0.9; 95% CI, 0.5-1.5)). Similar results were obtained when
allowing for a 10-year or a 15-year latency period, or when the analysis was restricted to
subjects with the longest duration of exposure. The SMR for lung cancer, allowing for a
10-year latency period, was 1.1 (12 deaths (95% Ci, 0.6-1.9)). There were no deaths
registered from malignant lymphomas or soft-tissue sarcoma.

Cancer incidence was studied in a cohort of 20 245 licensed pesticide applicators in
Sweden (Wiklund et al., 1987, 1988, 1989). Since 1965, a licence has been mandatory
for using the most acutely toxic pesticides. The workers in the study had been issued a
licence between 1965 and 1976 and were followed up for cancer incidence to 31
December 1982. A survey of a random sample of 273 workers showed that 72% had
been exposed to phenoxy herbicides for one day or more during the 1950s, 1960s and
1970s. Phenoxy herbicides had been used in Sweden since the late 1940s. The main
compound used in agriculture was MCPA and, since the mid-1960s, MCPP and dichlor-
prop (2-(2,4-dichlorophenoxy)propionic acid). 2,4-D and 2,4,5- T were used to a lesser
extent. Cancer incidence rates for the Swedish population were used for comparson. A
total of 558 cancer cases were observed in the cohort (SIR, 0.86; 95% CI, 0.79-0.93).
Excess risks were observed for lip cancer (14 observed; SIR, 1.8; 95% CI, 1.0-2.9),
testicular cancer (18 observed; SIR, 1.6; 95% CI, 0.9-2.5) and Hodgkin's disease (11
observed; SIR, 1.2; 95% CI, 0.6-2.2) but not for lung cancer (38 observed; SIR, 0.5;
95% CI, 0.4-.7), non-Hodgkin lymphoma (21 observed; SIR, 1.0; 95% CI, 0.6-1.5) or
cancer at any other site. The SIR for testicular cancer increased with time since licence
(0- years, 0.9;,5-9 years, 1.4; ~ 10 years, 2.5; based on four, six and eight cases, respec-

tively). The SIR for lung cancer increased with years since first employment from 0.3
(0- years) to 0.5 (5-9 years) to 0.6 (~ 10 years). The authors provided data showing that
smoking was less prevalent among pesticide applicators than among other occupational
categories in Sweden, strongly suggesting that the observed deficit of lung cancer was
due to lower cigarette consumption. A follow-up from the date of licence until
31 December 1984 indicated no excess riskfor soft-tissue sarcoma (7 cases observed;
SIR, 0.9; 95% CI, 0.4-1.9) (Wikund et aL., 1988).

A hIstorical cohort study was conducted among Danish gardeners heavily exposed to
pesticides (Hansen et aL., 1992). The cohort comprised 859 women and 3156 men and
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included aH employed persons who, in May 1975, were members of one of the 10 local
trade unions of gardeners associated with the Danish Union of General Workers.
Subjects were foHowed from 1 May 1975 to 1 Januar 1985 through the records of the
Danish Central Population Register, with 100% of the subjects being traced. Cancer
incidence was recorded through the Danish Cancer Registry. The analysis was limited to
subjects 30-79 years of age. The gardeners constituted three fairly separate groups,
namely workers in greenhouses (nearly aH female), a smaH group of nursery gardeners
and gardeners in public parks, gardens and cemeteries (the majority of workers).

Gardeners working outdoors had been exposed to phenoxy herbicides (2,4-D, MCP A,
2,4,5- T) and amitrole. This exposure took place regularly throughout the growing season.
Data on individual job histories were not obtained, except for a limited subset of cancer
cases. A total of 219 cancer cases were identified in the study, 217 among subjects aged
30-79 years. There was no elevation in incidence of all cancers combined (SIR, 1.0; 95%
CI, 0.9-1.2) or of most common neoplasms. An increased risk was seen for soft-tissue
sarcoma (code 197 in ICD 7th revision), with an SIR of 4.6 (3 cases; 95% CI, 0.9-13.3)
which was statisticaHy significant among men (3 cases; SIR, 5.3; 95% CI, 1.1-15.4).
Elevated risks were seen for non-Hodgkin lymphoma (8 cases; SIR, 2.0; 95% CI, 0.9-
3.9) and for chronic lymphatic leukaemia (6 cases; SIR, 2.5; 95% CI, 0.9-5.5). Two
individuals with soft-tissue sarcoma, six with non-Hodgkin lymphoma and three with
chronic lymphatic leukaemia had worked as gardeners for more than 10 years. No
additional soft-tissue sarcoma cases were identified in this cohort when the records of the
cancer registry were searched for sarcomas which might have occurred in parenchymal
organs and consequently not been included in the ICD code (code 197, 7th rev.) used for
the main analysis.

(b) Military

United States Viet Nam veterans as a group, with the exception of those known to
have directly handled Agent Orange, show no evidence of exposure to PCDDs or PCDFs
above that of other veterans who did not serve in Viet Nam (i.e., beyond background
levels), on the basis of serum measurements. However, veterans actuaHy involved in
spraying, as members of the Air Force Operation Ranch Hand or of the Ary Chemical
Corps, have shown elevated serum levels of 2,3,7,8- TCDD (see Section 1.3. 

1 (a)(ii)).The mortality of 1261 Ranch Hand veterans has been compared with that of 19 101
other Air Force Viet Nam veterans who were not exposed to Agent Orange (Michalek
et al., 1990). Person-time at risk began when the tour of dut 

Y in Viet Nam began. Themost recent mortaIity report extends foHow-up through 1993 (Ketchum & Aktar, 1996),
with 31 394 person-years among Ranch Hand personnel and 490 792 person-years
among the comparson group. The SMR for aIl causes of death was 1.0 (95% CI, 0.8-
1.2), based on 118 deaths. There were 30 cancer deaths (SMR, 0.9; 95% CI, 0.6-1.3) and
12 lung cancer deaths (13.0 expected). There was one death from soft-tissue sarcoma
(a fibroma; ICD 171.3) versus 0.4 expected for the category canèer of the connective
tissue (ICD 171.0-171.9), and one from non-Hodgkin lymphoma (0.7 expected). No case
of chloracne has been reported among Ranch Hand veterans.
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The mortality of 894 members of the Ary Chemical Corps was studied by Thomas
and Kang (1990). FolIow-up extended through 1987, and the United States population
was used as the referent. Person-time at risk was taken to begin when service ended in
Viet Nam. There were 53 deaths (SMR, 1.1) in this cohort, with about 16000 person-
years and an average follow-up of 18 years. There were six cancer deaths (SMR, 0.9):
two lung cancer deaths versus 1.8 expected, two leukaemias versus 0.5 expected and two
brain cancers versus 0.4 expected. Review of medical records found two incident cases
of Hodgkin's disease, with approximately 0.7 expected.

2.2.2 Community-based case-control studies

Although many case-control studies may include one or more questions conceming
exposure to herbicides, the W orking Group considered only those in which exposure to
PCDD-containing herbicides was a major hypothesis being tested, and where such expo-
sure was evaluated in detaiL.

Studies of soft-tissue sarcoma and haematopoietic tumours have been systematically
reviewed. For other sites (Section 2.2.2(d)), studies in which phenoxy herbicides were
not a main focus of interest have not been examined.

(a) Soft-tissue sarcoma (see Table 35)

A series of studies on soft-tissue sarcoma were conducted in Sweden applying similar
methodology (Hardell & Sändstrom, 1979; Eriksson et aL., 1981; Hardell & Erisson,
1988; Eriksson et al., 1990). Relevant exposure measurements are presented in Tables
16 and 17.

The first case-control study associating phenoxy herbicides and chlorophenols with
soft-tissue sarcoma was conducted in 1978 in the population of the region of Umeå, in
northern Sweden (Hardell & Sändstrom, 1979). The study was initiated following a case
report of three soft-tissue sarcoma patients who had been exposed to phenoxy herbicides
(Hardell, 1977). The study included 21 living and 31 deceased pathologically verified
soft-tissue sarcoma male cases, diagnosed in one hospital during 1970-77. Four popu-
lation controls matched for age, sex, place of residence and vital status were selected per
case. Living controls were selected from the national population registry and deceased
controls from the national registry of causes of death. The response rate was 100% for
cases and 99% for the controls. A self-administered questionnaie was sent to living
subjects and to the next-of-kin of deceased subjects (approximately 60% of all ques-
tionnaires). Information was requested about a varety of exposures and the questionnaire
was supplemented by telephone interviews of selected subjects. Any subject exposed for
more than one day was characterized as exposed. Exposure to phenoxy herbicides and/or
chlorophenols was associated with a six-fold increased risk. ln the matched analysis, the
odds ratio was 6.2 (confidence intervals not provided). ln an unmatched analysis, the
odds ratio was 5.7 (95% CI, 2.9-11.3). The odds ratio among living subjects was 9.9 and
that among deceased subjects was 3.8. The odds ratio for exposure only to phenoxy
herbicides was 5.3 (95% CI, 2.4-11.5). After excluding the three index cases (but not



Table 35. Case-ontrol studies on soft-tissue sarcoma containing information on exposure to phenoxy herbicides,

chlorophenols or PCDDs

Reference, No. of casesl Gender Exposure Relative risk Comments
countr controls (95% CI)

"00Hardell & 52/208 Men Exposure to phenoxy herbicides or chlorophenols 5.7 (2.9-11.3) Odds ratios for living subjects l'~Sandström for more than one day were higher than those for n
(1979), Exposure to phenoxy herbicides only 5.3 (2.4-11.5) deceased subjects ~Sweden 0
Ericksson et aL. 11 0/220 Men Exposure to phenoxy herbicides or chlorophenols 5.1 (2.5-10.4) Odds ratio from matched ~
(1981), for more than one day analysis ;p~Sweden Exposure for more than one day to phenoxy 17.0 (NR) tT

herbicides contamnated with 2,3,7,8-TCDD Û
ÛExposure for more than one day to phenoxy 4.2 (NR)
63herbicides not contaminated with 2,3,7,8- TCD D
~Exposure to chloropheno1s for one week 3.3 (1.3-8.1) N

continuously or one month discontinuously 0
.tHardell & 54/490 (311 Men Exposure to phenoxy herbicides for more than 3.3 (1.4-8.1) Odds ratio from matched ¡:

~Eriksson (1988), population one day (comparson with population controls) analysis. Odds ratio was 1ÛSweden controls, 179 slightly lower (2.2; 95% CI, -0cancer 0.9-5.3) when comparng ~con troIs ) with cancer controls. Z
CIEriksson et al. 218/212 Men Exposure to phenoxy herbicides for more than 1.3 (0.7-2.6) Odds ratio from matched

(1990), one day analysis. Risk for exposure to
Sweden Exposure to 2,4,5- T 1.8 (0.9-3.9) 2,4,5-T before 1950 was

Exposure to PCP for one week continuously or 3.9 (1.2-12.9) higher (odds ratio, 2.9; 95%
one month discontinuously CI, 1.1-8.0)

....w
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Table 35 (contd)

...l

Reference, No. of cases/ Gender Exposure Relative risk Comments
countr controls (95% CI)

Hardell et al. 352/865 Men 2,3,7,8-TCDD exposure Odds ratios (90% CI)
(1991), Non-exposed 1.0 Referent group non-exposed
Sweden Less than one year to phenoxy herbicides 3.0 (2.0-.5) to phenoxy herbicides or

contamnated with 2,3,7,8-TCDD chlorophenols. Pooled
More than one year to phenoxy herbicides 7.2 (2.6-20) analysis of the four above-
contaminated with 2,3,7,8-TCDD mentioned studies by Hardell,

~Erisson and colleagues n
Exposure to other PCDDs ~
Non-exposed 1.0 0

ZLess than one year to phenoxy herbicides 1.7 (1.0-2.9) 0
contamnated with other PCDDs ci
More than one year to phenoxy herbicides 6.2 (2.9-13)

~contamnated with other PCDDs :i
Smith et al. 82/92 Men Phenoxy herbicides Odds ratios (90% CI)

CI

~
(1984b), Potentially exposed ~ i day not in 5 years before 1.3 (0.6-2.5) 0
New Zealand cancer registration

~Probably or definitely exposed for ~ 5 days not in 1.3 (0.6-2.9)
10 years before cancer registration tr

0\
Chlorophenols \0

Potentially exposed ~ i day not in 5 years before 1.5 (0.5-4.5)
cancer registration
Probably or definitely exposed for ~ 5 days not in 1.6 (0.5-5.2)
10 years before cancer registration

Smith & Pearce 51/3 i 5 Men Phenoxy herbicides 0.7 (0.3-1.5) Odds ratios (90% CI)
(1986), (new study) Potentially exposed for ~ 1 day not in 5 years
New Zealand before cancer registration

133/407 1.1 (0.7-1.8)
(combined)



Table 35 (contd)

Reference, No. of cases/ Gender Exposure Relative risk Comments
countr controls (95% CI)

Woods et al. 128/694 Men AH occupations with potential exposure to 0.8 (0.5-1.2) Risk for soft-tissue sarcoma
(1987), phenoxy herbicides or chlorophenols was not associated with 'i
USA Estimated intensity of exposure to phenoxy exposure to phenoxy 0i:

herbicides: herbicides or chlorophenols ~
Low 0.6 (0.3-1.1) and no incresed risk with (1

~Medium 1.0 (0.6-1.7) increasing length of exposure 0High 0.9 (0.4-1.9)
~Estimated intensity of exposure to chlorophenols:
~Low 0.9 (0.5-1.6)
t;Medium 0.9 (0.6-1.5) Ü

High 0.9 (0.5-1.8) Ü-
Vineis et al. 37/85 Men Living men whose exposure could not be ruled 0.9 (0.2-3.9) Age-adjusted estimates. t:
(1986), out 90% CI. Risk higher in ~
Italy 31/73 W omen Living women 'definitely' exposed to phenoxy 2.7 (0.6-12.4) women exposed during 1950- N0

herbicides 55 when highest exposures ~
occurred. No excess risk in \:

~
men. No excess risk for 1Ü
deceased cases and controls -0

Smith & 30/30/30 Men At least one day of exposure to phenoxy 1.0 (0.3-3.1) Exposure to phenoxy ~Chrstophers cancer and herbicides or chlorophenols herbicides and chlorophenols en
(1992), population At least one day only to phenoxy herbicides 1.3 (0.4-.1) coded as 'none', 'possible'
Australia controls More than 30 days of exposure to phenoxy 2.0 (0.5-8.0) and 'definite/probable' by

herbicides or chlorophenols expert assessment. Matched
analysis on age, gender and
residence

NR, not reported -..
VI
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four additional cases inc1uded in a pilot study), this odds ratio became 4.7 (95% CI, 2.0-
10.7). Tobacco smoking, exposure to DDT, exhaust fumes and emulsion agents did not
appear to be associated with risk for soft-tissue sarcoma.

Responding to criticisms that selection and information bias could have affected the
results of the previous study (Hardell & Sändstrom, 1979) and of a study on malignant
lymphomas (Hardell et al., 1981), Hardell (1981) conducted a further analysis using
colon cancer patients as controls. The study is fully described in Section 2.2.4(d). Results
obtained when using colon cancer patients as controls were very similar to the original
results obtained when using population controls.

A case-control study of the association between soft-tissue sarcoma and phenoxy
herbicides and chlorophenols was conducted among the population of the five southem-
most counties of Sweden (Erisson et aL., 1981). The study included 110 pathologically
verified soft-tissue sarcoma cases (including 38 deceased cases) reported to the cancer
registry during 1974-78. Two population controls matched for age, place of residence
and vital status were selected per case. Living controls were selected from the national
population registry and deceased controls from the national registry of causes of death. A
self-administered questionnaire was sent to living subjects and to the next-of-kin

(approximately 35% of all questionnaires) of deceased subjects. Information was
requested about a varety of exposures. The questionnaire was supplemented by tele-
phone interviews for subjects with incomplete or obscure replies to questions on expo-
sure to sol vents or pesticides, and also for aH subjects reporting work in agriculture,
forestry or horticulture. Any subject exposed to phenoxy herbicides for more than one
day was characterized as exposed. The predominant exposure in this area was to MCP A,
considered to be free of 2,3,7,8-TCDD contamination, to 2,4-D and the analogous

phenoxypropionic acids, MCPP and dichlorprop, possibly contaminated by PCDDs other
than 2,3,7,8-TCDD. A high level of exposure to chlorophenols used as wood preser-
vatives was defined as one week of continuous or one month of discontinuous exposure.
The odds ratio for exposure to phenoxy herbicides and/or chlorophenols was 5.1 in the
matched analysis (95% CI, 2.5-10.4). The odds ratio for exposure to any phenoxy
herbicide was 6.8 (95% CI, 2.6-17.3). A higher relative risk was observed for exposure
to phenoxy herbicides considered to be contamnated with 2,3,7,8-TCDD (odds ratio,
17.0) compared with herbicides uncontaminated with 2,3,7,8-TCDD (odds ratio, 4.2).
Longer duration of exposure to phenoxy herbicides (more or less than 30 days) was not
associated with an increased risk. High-level exposure to chlorophenols was associated
with an increased risk (odds ratio, 3.3; 95% CI, 1.3-8.1), while low-level exposure was
not associated with an increased risk. Tobacco smoking or exposure to organic solvents,
varous pesticides or other chemical agents did not appear to be associated with risk for
soft-tissue sarcoma.

A case-control study on soft-tissue sarcoma was conducted in the population of three
nortern counties of Sweden (Hardell & Eriksson, 1988). The study included 55 male

histopathologically confired soft-tissue sarcoma cases (18 alive, 37 deceased) aged 25-
80 years. Cases were diagnosed during 1978-83 and were identified through the regional
cancer registr in Umeå. ln eight cases, the tumour was classified as probable soft-tissue
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sarcoma but another malignancy cou Id not be excluded. Three groups of controls were
selected. A first group of 220 living population controls was matched with cases by age
and residence at the time of diagnosis. The second group consisted of 110 dead controls.
The third group consisted of 190 cancer cases (112 alive) (except for malignant lympho-
mas and nasopharngeal cancer) drawn at random from the population cancer registry. A
self-administered postal questionnaire was used and information was requested on
lifetime occupational history, exposure to specifie agents at work or lei sure and lifestyle
factors. The questionnaire was supplemented by telephone interviews for subjects with
incomplete or obscure replies, and also for aH subjects reporting work in agriculture,
forestry, horticulture, carentry and sawmills. The paricipation rate among both cases
and controls was about 95%. The odds ratios for at least one day of exposure to phenoxy
herbicides were 3.3 (95% CI, 1.4-8.1) when the two combined population control groups
were used and 2.2 when cancer controls were used (95% CI, 0.9-5.3). Exclusion of the
eight soft-tissue sarcoma cases with uncertain diagnosis gave a higher estimate of the risk
(odds ratio, 3.7 (95% CI, 1.5-9.1) for population controls and 2.4 (95% CI, 1.0-5.9) for
cancer controls). No association with exposure to chlorophenols was found. Exposure to
2,3,7,8-TCDD gave a crude rate ratio of 3.5 when population-based referents were used
and 3.1 with cancer referents. A higher risk associated with exposure to DDT was
present only among subjects with concomitant exposure to phenoxy herbicides. No sta-
tisticaHy significant results were observed for other occupational exposures or for
smoking.

A case-control study on soft-tissue sarcoma was conducted among the population of
seven counties of central Sweden covered by the population cancer registry of Uppsala
(Eriksson et al., 1990). The study included 218 male histopathologically confired soft-
tissue sarcoma cases (78 alive, 140 deceased) aged 25-80 years. Cases were diagnosed
during 1978-86 and were identified through the regional cancer registry. One group of
population controls was selected, matched for age, gender, county of residence and vital
status. A self-administered postal questionnaire was used and information was requested
on lifetime occupational history (including details of 16 specifie occupations), exposure
to specifie agents at work or leisure and lifestyle factors. The questionnaire was supple-
mented by telephone interviews for subjects with incomplete or obscure .replies, and also
for all subjects reporting work in agrculture, forestry, hortiçulture, carentry and saw-
mills. The paricipation rate for the cases was 92% (218/237 originally identified cases)
and that for controls was 89% (212/237 originally identified controls). The odds ratio for
exposure (at least one day) to phenoxy herbicides was 1.3 (95% CI, 0.7-2.6). The risk
associated with use of 2,4,5-T was higher (odds ratio, 1.8; 95% CI, 0.9-3.9), especially
for use before the 1950s (odds ratio, 2.9; 95% CI, 1.1-8.0) when contamnation with
PCDDs could be expected to be highest. A high risk was associated with exposure to
chlorophenols (odds ratio, 5.3; 95% CI, 1.7-16.3), paricularly PCP (odds ratio, 3.9; 95%
CI, 1.2-12.9) among subjects characterized as having a high level of exposure (conti-
nuous exposure for more than one week or discontinuous exposure for more than one
month). No clear. dose-response relationship was observed for exposure to phenoxy
herbicides. Exposure to phenoxy herbicides not contamnated with 2,3,7,8-TCDD was
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not associated with an increased risk. No statistically significant associations were
observed for other occupational exposures or for smoking.

The data from the four Swedish case-control studies on soft-tissue sarcoma were
aggregated (for a total of 434 cases and 948 controls) and re-analysed according to

duration of exposure, latency and type of PCDD exposure, reported in a letter to the
editor (Hardell et al., 1991). For exposure to PCDDs of any type, less than one year of
exposure gave an odds ratio of 2.4 (58 exposed cases; 90% CI, 1.7-3.4), and more than
one year gave an odds ratio of 6.4 (24 exposed cases; 90% CI, 3.5-12). Fort 

y-six cases
were exposed to 2,4,5-T, presumed to be contaminated with 2,3,7,8-TCDD, yielding
odds ratios of 3.0 (40 exposed cases; 90% CI, 2.0-4.5) for less than one year of exposure
and 7.2 (6 exposed cases; 90% CI, 2.6-20) for more than one year of exposure. However,
even exposure to other PCDDs was associated with an increased risk for soft-tissue
sarcoma (-c 1 year: 18 exposed cases; odds ratio, 1.7; 90% CI, 1.0-2.9; ::1 year: 18
exposed cases; odds ratio, 6.2; 90% CI, 2.9-13). It was concluded that PCDDs other than
2,3,7,8-TCDD might have contributed to the noted effect.

A case-control study evaluating the association between exposure to phenoxy herbi-
cides and chlorophenols with the occurrence of soft-tissue sarcoma was cared out in
New Zealand (Smith et aL., 1984b). Preliminar results had been reported earlier (Smith
et aL., 1982a, 1983). The study included 82 living or deceased male cases with histo-
pathologically verified soft-tissue sarcoma reported to the national cancer registr
between 1976 and 1980. One controlper case was selected randomly from other cancer
patients in the national cancer registry matched for age, gender and year of registration.
The participation rate was 84% among cases (82/98 eligible) and 83% among controls
(92/111 eligible). Interviews were conducted with the subjects or the next-of-kin (43% of
cases, 34% of controls). Subjects were interviewed by telephone conceming work in
paricular occupations with potential exposure to phenoxy herbicides or chlorophenols.

Exposure to phenoxy herbicides and chlorophenols was ascertained through a combi-
nation of information on occupation, industry, type of cultivation sprayed and self-
reported exposure to specifie agents. ln a separate study, PCDD levels were determned
in serum of nine workers first employed before 1960 and having sprayed 2,4,5-T for a
minimum of 180 months (Smith et al., 1992a). The mean value of 2,3,7,8-TCDD was
53.3 ng/kg (range, 3-131 ng/kg) (see Table 17). Any potential exposure to a phenoxy
herbicide was associated with a small non-statistically significant excess risk (odds ratio,
1.3; 90% CI, 0.7-2.5). A slightly higher risk was observed in subjects with more than
one day of probable or definite exposure, after excluding the last five years of exposure
before registration (odds ratio, 1.6; 90% CI, 0.7-3.3). Potential exposure to chloro-
phenols was associated with a small increased risk (odds ratio, 1.3; 90% CI, 0.5-3.6),
paricularly for those subjects who were potentially exposed for more than five days
(odds ratio, 1.6; 90% CI, 0.5-5.2). However, a review of the working histories of those
subjects through additional interviews and contacts with their employers indicated that
only two cases, out of the seven characterized as potentially exposed, actually had

potential for exposure to TCP.
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An update was conducted by Smith and Pearce (1986) combining new data, including
a general population control group, with the study population of Smith et al. (1984b).
New cases diagnosed from 1980 to 1982 (n = 51) were compared with population
controls (n = 315). The odds ratio estimate was 0.7 (90% CI, 0.3-1.5) for probable or
definite exposure to phenoxy herbicides for more than one day not in the five years
before cancer registration. The odds ratio estimate for the combined studies was 1.1
(90% CI, 0.7-1.8). There was no evidence in either study of an increase in risk with
longer duration of exposure or longer latency since first exposure.

A population-based case-control study was conducted in three provinces of northern
Italy where rice growing is the predominant agrcultural activity and phenoxy herbicides
have been used since 1950 (Vineis et aL., 1986). During 1950-55, rice weeding was still
do ne manually, mostly by a seasonal work force of women, who were presumed to have
had the highest exposure to phenoxy herbicides, predominantly 2,4,5- T. Incident cases of
soft-tissue sarcoma aged 20 years or older, with a proven or suspected histological dia-
gnosis in 1981-83 were identified through all the pathology deparments of the three
provinces, and six pathology deparments of the city of Turin and the National Cancer
Institute in Milan. Out of 135 cases initially identified, 37 were excluded because the
diagnosis was not confired or because the cases were prevalent or were visceral
sarcomas. Of the remaining 98 eligible cases, interviews were obtained from 68 patients
or next-of-kin (44 living, 24 deceased). The paricipation rate was 69%. A random
sample of living controls was drawn from electoral registers. Deceased controls (any
cause of death apar from suicide) matched by age, sex, year of death and municipality
were selected through demographic offices of the relevant municipalities. Interviews
were obtained from 122/168 eligible controls (paricipation rate 73%) and 36/40 relatives
of deceased subjects (paricipation rate 90%). Direct interviews were cared out with
subjects, who were asked for information on lifetime occupational history, and additional
information on jobs with titles indicating potential exposure to phenoxy herbicides or
chlorophenols. ln addition, supplementar questionnaires were administered to subjects
working in agriculture, paricularly cultivation of rice and other crops. Two experts
assessed exposure to phenoxy herbicides and classified subjects into three categories: (1)
those not exposed to phenoxy herbicides; (2) those for whom exposure could not be ruled
out; and (3) those 'definitely' exposed, based on occupational histories primarly as rice
weeders. Among living subjects, no men were 'definitely' exposed. Among living
women, four cases and five controls were 'definitely' exposed (odds ratio, 2.7; 90% CI,
0.6-12.4). The odds ratio for the combined categories 2 and 3 was 2.4 (5 exposed cases;
90% CI, 0.6-10.3). Among living women continuously exposed during 1950-55, the
crude odds ratio was (9.9) (3 exposed cases, 1 exposed control). No excess risk was
observed when analyses were limited to deceased subjects. (The Working Group noted
that no distinction was made between herbicides likely to be contamnated with PCDDs
and others.)

A population-based case-control study was conducted in western Washington State,
United States, to evaluate the relationship between occupational exposure to phenoxy
herbicides and chlorophenols and risk for soft-tissue sarcoma and non-Hodgkin
lymphoma (Woods et al., 1987). Living and deceased cases, aged 20-79 years and
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diagnosed during 1981-84, were identified from the population-based tumour registry
that covers 13 counties of the state. Enrolled in the study were 128 pathologically

reviewed soft-tissue sarcoma cases (97 alive, 31 dead). Population controls were selected
using random digit diallng or from social security records (for older cases) or non-cancer
death certificates (for deceased cases). Controls were matched for age and vital status
with a parallel series of non-Hodgkin lymphoma cases. The paricipation rate was 62%
for soft-tissue sarcoma cases (128/206) and 76% for controls. Subjects were interviewed
in person and information was requested on occupational exposures to phenoxy herbi-
cides and chlorophenols and to other potential risk factors. Additional information was
requested for specifie occupations and job activities involving potential exposure to the
chemicals of interest. The risk for soft-tissue sarcoma associated with aIl occupations
involving potential exposure to phenoxy herbicides was 0.8 (95% CI, 0.5- 1.2). Exposure
to phenoxy herbicides or chlorophenols was not associated with increased risk for soft-
tissue sarcoma. No association was seen with estimated intensity of exposure to either
phenoxy herbicides or chlorophenols. (The W orking Group noted that no information
was provided on use of specifie herbicides.)

A case-control study on patients with soft-tissue sarcoma was undertaken in Victoria,
Australia, during 1982-88 (Smith & Chrstophers, 1992). The study included 30 male
cases with soft-tissue sarcoma registered in the Victoria Cancer Registr. Cases were
first diagnosed between 1976 and 1987. For each case, one cancer control was selected
from the cancer registry, matched for age, sex and residence. A second set of population
controls was selected from the electoral register using the same matching criteria. The
response rate~ were 70% for cases, 56% for cancer controls and 70% for population
con troIs. Cases were interviewed mostly before 1986, while both series of controls were
mostly interviewed after 1986. A comprehensive occupationaI history was obtained
through a personal interview. Exposures to phenoxy herbicides and to chlorophenols

were coded by expert assessment as none, possible or definite/probable. Exposures
withn the five-year period before the year of diagnosis of a case were ignored, for both
cases and their matched controls. The main chlorinated herbicides used in Victoria were
2,4-D, 2,4,5- T and MCP A. There were no significant differences between population and
cancer controls with respect to definIte exposure and these two groups were combined
for the analysis. For soft-tissue sarcoma, the odds ratio was 1.0 (95% CI, 0.3-3.1) for at
least one day' s exposure to phenoxy herbicides or chlorophenols and 1.3 (95% CI, 0.4-
4.1) for exposure only to phenoxy herbicides. The odds ratio for more than 30 days of
exposure to phenoxy herbicides or chlorophenols was 2.0 (95% CI, 0.5-8.0). (The
W orking Group noted that no distinction was made between herbicides like1y to be
contaminated with PCDDs and others.)

(b) MaUgnant lymphomas (see Table 36)
A case-control study followed the report in Sweden of 17 cases of histiocytic mali-

gnant lymphoma, 11 of whom had been exposed to phenoxy herbicides or chlorophenols
(HardelI, 1979). AlI men aged 25-85 years admitted between 1974 and 1978 to the onco-
logy deparment of the University Hospital in Umeå, Sweden, with histologically verified
malignant lymphoma were included in the study (Hardell et aL., 1981). For every living



Table 36. Case-control studies on maUgnant lymphoma containing information on exposure to phenoxy herbicides, chlo-
rophenols or dioxins

Reference,
country CommentsNo. of cases/ Gender Exposure

controls
Relative risk
(95% CI)

Hardell et al.
(1981),
Sweden

Hoar et al.
(1986),
USA

Woods et al.
(1987),
USA

109 cases Men
with NH
and 60 with

Hodgkin' s
disease/338
controls

170 with Men
NH/948

576 with Men
NH /694

Exposure to phenoxy herbicides or
chlorophenols for more than one day
Exposure to phenoxy herbicides for more
than one day
Exposure to chlorophenols for one week
continuously or one month discontinuously

Phenoxy herbicide use

Estimated intensity of exposure to phenoxy
herbicides:

None
Low
Medium
High

Estimated intensity of exposure to
chlorophenols:

None
Low
Medium
High

6.0 (3.7-9.7)

4.8 (2.9-8.1)

8.4 (4.2-16.9)

2.2 (1.2-4.1)

1.0
0.9 (0.6-1.3)
1.0 (0.7-1.3)
1.2 (0.8-1.9)

1.0
1.0 (0.7-1.3)
0.9 (0.7-1.2)
0.9 (0.9-1.4)

Odds ratios from matched analysis

Phenoxy herbicide used was almost
exc1usively 2,4-D. Significant but

inconsistent increases in risk were
observed in relation to duration,
frequency and latency. The increased
risk persisted after adjusting for use of
other pesticides.

Higher risks observed for specific
occupational groups
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case (in total 107), eight controls matched for sex, age and place of residence were
extracted from the national population registry and the two closest in age were used in
the analysis. For the 62 deceased cases, 10 controls per case were selected from the
national registry of causes of death among those who had died from causes other than
malignant tumour, matched for sex, age, municipality and year of death. The two

deceased controls closest in age to the cases were used in the analysis. Exposures were
reconstructed by means of a self-administered questionnaire. The data conceming
deceased subjects were obtained by contact with next-of-kin. For exposure to phenoxy
herbicides or chlorophenols, an odds ratio of 6.0 (95% CI, 3.7-9.7) was obtained. For
phenoxy herbicides alone (41 exposed cases), the odds ratios were 4.8 (95% CI, 2.9-8.1)
and 7.0 for those exposed for more than 90 days. Five cases and no controls were

exposed only to MCP A; 7 cases and 1 control only to 2,4-D. These herbicides were not
likely to be contaminated with PCDDs or PCDFs. Fifty cases were exposed to chloro-
phenols, giving an odds ratio of 2.9 (95% CI, 1.6-5.2) for those with low-level exposure
and 8.4 (95% CI, 4.2-16.9) for high-level exposure. High-level exposure to organic
sol vents was also associated with a significantly increased risk. Combined exposure to
solvents and phenoxy herbicides or chlorophenols further increased the odds ratio
estimate. Separate analysis for Hodgkin's disease (60 cases) and non-Hodgkin lymphoma
(109 cases) yielded simIlarly increased risks. (The Working Group noted that no
distinction was made between herbicides likely to be contaminated with PCDDs and
others.)

A population-based case-control study on lymphoma was conducted in Kansas, a
major wheat-producing state in the United States (Hoar et al., 1986). All newly

diagnosed cases of Hodgkin' s disease and non-Hodgkin lymphoma among white male
residents in Kansas aged 21 years or older, diagnosed from 1976 through 1982, were
identified through the population-based cancer registry covering the state of Kansas. AU
cases included in the study were histologically confired. Interviews were conducted
with 121 cases with Hodgkin's disease and 170 with non-Hodgkin lymphoma (96%
paricipation rate). One-half of the patients with non-Hodgkin lymphoma and one-third
of those with Hodgkin's disease had died before the study began. Controls were 948
white men resident in Kansas matched to cases for age and vital status. The response rate
for controls was 94%. Subjects were interviewed by telephone and detailed information
was obtained concerning farng practices, including years lived or worked in fars,
crops grown or livestock raised, herbicides and insecticides used, numbers of years and
acres of treatment and protective equipment used. Corroborative evidence was sought for
a sample of 130 subjects by contacting their suppliers. Far herbicide use was associated
with an increased risk for non-Hodgkin lymphoma (odds ratio, 1.6; 95% CI, 0.9-2.6).
The relative risk for non-Hodgkin lymphoma increased significantly with the number of
days of herbicide exposure per year and with latency. Men exposed to herbicides for
more than 20 days per year had a six-fold increased risk for non-Hodgkin lymphoma
(odds ratio, 6.0; 95% CI, 1.9-19.5). Frequent users (:: 20 years per year) who mIxed or
applied the herbicides themselves had an odds ratio of 8.0 (95% CI, 2.3-27.9). Use of
phenoxy herbicides (odds ratio, 2.2; 95% CI, 1.2-4.1) essentiaIly indicated use of 2,4-D,
since only three cases, and 18 controls had used 2,4,5-T, and aIl but two of these controls
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had also used 2,4-D. Far herbicide use was not associated with risk for Hodgkin's
disease (odds ratio, 0.9; 95% CI, 0.5-1.5). For this neoplasm, no consistent pattern of
excess risk was observed either with duration or frequency of exposure. The authors

noted that the observed excess risk for non-Hodgkin lymphoma was associated with
exposure to phenoxy herbicides (2,4-D) which were not contaminated with 2,3,7,8-
TCDD, although they might be contaminated with other PCDD congeners.

A population-based case-control study from western Washington State (Woods et aL.,
1987), described above, included 576 non-Hodgkin lymphoma cases (402 alive, 174
dead). Population controls were selected using random digit dialling or from social
security records (for older cases) or non-cancer death certificates (for deceased cases).
Controls were frequency matched for age and vital status with the non-Hodgkin
lymphoma cases. The paricipation rate was 77% for non-Hodgkin lymphoma cases and
76% for controls. The risk for non-Hodgkin lymphoma associated with aIl occupations
involving potential exposure to phenoxy herbicides was 1.1 (95% CI, 0.8-1.4). Exposure
to phenoxy herbicides or chlorophenols was not associated with increased risk for non-
Hodgkin lymphoma. No association was seen with estimated intensity of exposure to
either phenoxy herbicides or chlorophenols. A statistically significant excess risk for
non-Hodgkin lymphoma was observed for specifc occupational groups, including
farers (odds ratio, 1.3; 95% CI, 1.0-1.7) and subjects spraying forests with herbicides

(odds ratio, 4.8; 95% CI, 1.2-19.4). AlI forestr sprayers reported combined use of 2,4-D
and 2,4,5-T. (The Working Group noted that no information was provided on use of
specifie herbicides.)

Following the same methodology, a population-based case-control study was con-
ducted in western Washington State on non-Hodgkin lymphoma and phenoxy herbicide
exposure in farers (Woods & Polissar, 1989). Cases of non-Hodgkin lymphoma

occurrng between 1983 and 1985 were identified from the cancer surveilance system.
A total of 694 control men without cancer selected randomly from the same geographical
area were matched with the 576 cases by five-year age group and vital status. Among
them, 181 non-Hodgkin lymphoma cases and 196 controls reported having worked as
farers. Information on exposure to phenoxy herbicides was obtained through personal

interviews. Regular use was defined as 'more than just once or twice per year'. Mantel-
Haenszel odds ratios were calculated for farers, for all subjects for 2,4,5- T and for
'phenoxy per se' exposures, among others. No excess risks 'were observed in aIl subjects
nor in the group of farers for the above exposures: for 2,4,5- T, the odds ratios were 0.7

(95% CI, 0.3-2.1) in farers and 1.0 (95% CI, 0.4-2.0) for all subjects; for 'phenoxy
per se', the odds ratios were 0.7 (95% CI, 0.3-1.5) and 0.9 (95% CI, 0.5-1.5),
respectively.

Pearce et al. (1987) expanded a previously reported case-control study on malignant
lymphomas and farng in New Zealand (Pearce et aL., 1986). The study included male
public hospital patients registered under ICD codes 200 or 202 durig the period 1977-
81, who were under the age of 70 years. AlI cases were pathologically verified. Out of a
total of 215 eligible cases, 183 cases were enrolled in the study (paricipation rate 85%).
For each of the cases, two cancer controls were randomly selected from the cancer
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registry files, matched for age and year of cancer registration. ln total, 338 controls were
enrolled (81 % paricipation rate). Interviews were conducted by telephone with the
patients or their next-of-kin (no information was given on the proportion of interviews
with next-of-kin). Information was requested conceming work in paricular occupations
with potential exposure to phenoxy herbicides or chlorophenols. If the response to a stem
question was affirmative, then a series of subsidiar questions were asked to c1arfy the
work done and the actual potential for exposure to specifie chemicals. Exposure to
phenoxy herbicides and chlorophenols was ascertained through a combination of
information on occupation, industr, type of cultivation sprayed and self-reported
exposure to specifie agents. The proportions of cases and controls who had worked in the
occupations examined in this study were very similar. The odds ratio for any potential
exposure to phenoxy herbicides was 1.0 (95% CI, 0.7-1.5) and none of the odds ratios
relating to specifie phenoxy herbicides was elevated. The odds ratio for any potential
exposure to chlorophenols was slightly elevated (odds ratio, 1.4; 95% CI, 0.8-2.3),
largely due to the results for meat workers, which included workers potentially exposed
to 2,4,6-TCP in pelt depaitments. ln a re-analysis of the data (Pearce, 1989), little
evidence was found of an association of non-Hodgkin lymphoma either with duration or
with frequency of phenoxy herbicide use. Findings were similar in the earlier publication
using general population controls (Pearce et al., 1986). (The Working Group noted that
no distinction was made between herbicides likely to be contaminated with PCDDs and
others.)

Olsson and Brandt (1988) examined the lifetime work history of 167 incident cases of
non-Hodgkin lymphoma diagnosed at a hospital in Lund (Sweden) between 1978 and
1981 in adult men and in 130 age-matched population controls, 50 from the same geo-
graphical area as the cases and 80 from different pars of Sweden. Exposure to organic
solvents, phenoxy herbicides and chlorophenols was given special attention. Interviewers
were not blind to subject status (case or control). One day of handling was taken to
constitute exposure to phenoxy acids or chlorophenols. Odds ratios were estimated using
logistic models, adjusting for age. The roles of different exposures, of their interaction
and of length of exposure were examned using logistic regression analysis. ln the
multivarate analysis, the odds ratio for exposure to phenoxy herbicides was 1.3 (95% CI,
0.8-2.1) and that for chlorophenols was 1.2 (95% CI, 0.7-2.0). Separate analysis for
localized 'skin lymphoma' yielded a significantly increased risk (odds ratio, 10.0; 95%
CI, 2.7-37.1) for exposure to phenoxy herbicides. No interaction between exposures was
detected. Risk for non-Hodgkin lymphoma was significantly associated with length of
exposure to solvents but not to phenoxy herbicides and cWorophenols. (The Working
Group noted that no distinction was made between herbicides likely to be contamnated
with PCDDs and others.)

Concurrent population-based case-control interview studies of leukaemia, non-

Hodgkin lymphoma and multiple myeloma in Iowa, United States, and leukaemia and
non-Hodgkin lymphoma in Minnesota, United States, were conducted durng 1981-84.
The studies used the same questionnaie and the same controls. Results from the case-
control study on non-Hodgkin lymphoma were reported by Cantor et al. (1992). Results
for the studies on leukaemia (Morrs Brown et aL., 1990) and multiple myeloma (Morrs
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Brown et al., 1993) are described in Section 2.2.2(c). AlI male cases of non-Hodgkin
lymphoma aged 30 years or older and newly diagnosed during 1980-82 were ascertained
from Iowa State Health Registry records and a special surveilance of Minnesota
hospitals and pathology laboratory records. Residents of Iowa and of selected areas of
Minnesota were eligible. A review panel of four pathologists confirmed diagnoses. Out
of 780 reported non-Hodgkin lymphoma cases, 622 (438 living, 184 deceased) were
confirmed a& non-Hodgkin lymphoma and interviewed. The paricipation rate was
slightly above 80% (exact proportion not estimable). A population control group of 1245
white men without haematopoietic or lymphatic cancer was randomly selected and
frequepcy matched with the non-Hodgkin lymphoma and leukaemia cases by five-year
age group, vital status at time of interview and state of residence. Random digit diallng
was used to select controls for living cases under 65 years of age. A 1 % random listing of
Medicare files was used for the selection of controls for living cases over 65 years of age.
State death certificates were used for deceased cases. The paricipation rate was around
77% in all three groups of controls. Direct structured interviews were conducted during
1981-84. Detailed information on farng and pesticide use was requested for all
subjects who had worked on a far for at least six months since the age of 18 years. The
information recorded included years of farng activity, tota acreage, crops grown and

detailed history of pesticide use. There was a small increase in risk (odds ratio, 1.2; 95%
CI, 1.0-1.5) associated with ever living or working on a far. The odds ratio for use of
one or more herbicides was 1.3 (95% CI, 1.0-1.6), but no single family of herbicides was
significantly associated with risk for non-Hodgkin lymphoma. No significant risk
elevations were observed for ever handling, mixing or applying specifie phenoxy

herbicides. The odds ratio for 2,4-D was 1.2 (95%, 0.9-1.6) and that for 2,4,5-T was 1.2
(95% CI, 0.7-1.9). The risk for 2,4,5-T was slightly higher among farers who did not
use protective gear (odds ratio, 1.4; 95% CI, 0.7-2.5). The odds ratios for handling these
herbicides before 1965 (assuming a latency of about 15 years) were 1.3 (95% CI, 0.9-
1.8) for 2,4-D and 1.7 (95% CI, 0.8-3.6) for 2,4,5-T. The authors stated that there was
minimal confounding of results for any single pesticide by exposure to pesticides
belonging to other chemical famlies.

The case-control study conducted in Victoria, Australia, described in Section 2.2.2( a)
(Smith & Chrstophers, 1992), also included 52 male cases with malignant lymphoma.
The odds ratios for malignant lymphoma were 1.5 (95% CI, 0.6-3.7) for at least one
day's exposure to phenoxy herbicides or cWorophenols, 1.1 (95% CI, 0.4-3.0) for
exposure only to phenoxy herbicides and 1.4 (95% CI, 0.3-6.1) for exposure only to
chlorophenols. The odds ratio for more than 30 days of exposure to phenoxy herbicides
or chlorophenols was 2.7 (95% CI, 0.7-9.6). (The Working Group noted that no
distinction was made between herbicides likely to be contamnated with PCDDs and
others.)

(c) Other haematopoietic maUgnancies (see Table 37)

A case-control study on leukaemia was conducted in Iowa and Minnesota, United
States (Morrs Brown et aL., 1990) using the same methodology and same control group
as that described in Section 2.2.2(b) (Cantor et aL., 1992). AlI newly diagnosed cases of



Table 37. Case-control studies on other tumour sites containing information on exposure to phenoxy herbicides,

chlorophenols or dioxins

Reference, No. of cases/ Gender Exposure Relative risk Comments
countr controls (95% CI)

Leukaemia

Morrs-Brown 578/1245 Men Use of one or more herbicides 1.2 (0.9-1.6) Cases (340 living/238 deceased).
et al. (1990), Use of phenoxy herbicides 1.2 (0.9- 1.6) Adjusted for vital status, age,
USA Exposure to 2,4,5-T (20 years before interview) 1.8 (0.8-4.0) state, tobacco, family history,

Mixed, handled or applied 2,4,5- T high-risk occupations and
Acute non-Iymphocytic leukaemia 2.1 (0.9-4.9) exposures. No consistent dose-
Chronic lymphocytic leukaemia 1.6 (0.7-3.4) response pattern by days per year

Mixed, handled or applied 2,4,5- T at least 20 handled for any herbicide used
years before interview

Chronic lymphocytic leukaemia 3.3 (1.2-8.9)

Multiple myeloma

Morrs-Brown 173/650 Men Mixed, handled or applied 2,4,5- T 0.9 (0.4-2.1) Adjusted for vital status and age
et al. (1993), by logistic regression
USA

Liver

Hardell et al. 103/206 Men Exposure to phenoxy herbicides and 1.8 (0.9-4.0) Analysis restricted to 98
(1984), chlorophenols hepatocellular and
Sweden Exposure to phenoxy herbicides only 1.7 (0.7-4.4) cholangiocellular carcinomas and

Exposure to chlorophenols only for one week 2.2 (0.7-7.3) 200 con troIs with exposure data.
continuously or one month discontinuously Mantel-Haenszel estimates

adjusted by a1cohol consumption

Cordier et al. 152/241 Men Exposure to Agent Orange during militar Cases were hepatocellular
(1993), service in south Viet Nam carcinoma. Risks adjusted for
Viet Nam Any service 1.3 (0.8-2.1) matching varables, hepatitis

10 years or more 8.8 (1.9-41) virus status and a1cohol
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Table 37 (contd) -
~
¡oReference, No. of cases/ Gender Exposure Relative risk Comments n

countr controls (95% CI) ~0
ZColon 0
c.

Hardell (1981), 157/451 Men More than one day of exposure to: Mantel-Haenszel estimates
~Sweden Phenoxy herbicides 1.3 (0.6-2.8) adjusted by age, vital status and 'i

Chlorophenols 1.8 (0.6-5.3) place of residence :i
C/

Nasopharynx + nasal ~0
Hardell et al. 71/541 Men Exposure to phenoxy herbicides for more than 2.1 (0.9-4.7) Mantel - Haenszel estimates 1:

c:
(1982), one day adjusted by age and vital status ~
Sweden Exposure to chlorophenols for one week 6.7 (2.8-16.2) tr

0'
continuously or one month discontinuously \0
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leukaemia among white men aged 30 years or older were ascertained from tumour
registry or hospital records retrospectively (one year before the star of the study) or
prospectively (two years after the star of the study). Interviews were completed with
86% of the cases (or next-of-kin). The final study population consisted of 578 cases (340
living, 238 deceased) and 1245 population controls. Apar from the main interview
(described above), a supplementar interview was conducted including 92 cases and 211
controls (or their next-of-kin) from Iowa who had reported agricultural use of pesticides
in their initial interview. There was a small risk for all leukaemias among persons who
had lived or worked on a far as an adult (odds ratio, 1.2; 95% CI, 1.0-1.5). A similar
risk was seen for farers reporting ever having used herbicides (odds ratio, 1.2; 95% CI,

0.9-1.6) or phenoxy herbicides (odds ratio, 1.2; 95% CI, 0.9-1.6). Risks for all
leukaemias were not significantly increased among subjects who personally mixed,
handled or applied specifie herbicides. When analyses were restricted to persons first
exposed to specifie herbicides more than 20 years before interview, increased risks were
observed for exposure to MCPA (odds ratio, 2.4; 95% CI, 0.7-8.2) and 2,4,5-T (odds
ratio, 1.8; 95% CI, 0.8-4.0). Among specifie cell types, the highest risk for those who
handled 2,4-D was seen for chronic myelogenous leukaemia (odds ratio, 1.9; 95% CI,
0.9-3.9). The odds ratios for those who handled 2,4,5- T were 2.1 (95% CI, 0.9-4.9) for
acute non-Iymphocytic leukaemia and 1.6 (95% CI, 0.7-3.4) for chronic lymphocytic
leukaemia. The risk for those who handled 2,4,5- T at least 20 years before interview was
significantly elevated for chronic lymphocytic leukaemia (odds ratio, 3.3; 95% CI, 1.2-
8.9). No consistent dose-response pattern in terms of days of handling per year was seen
for any of the herbicides used.

A case-control study on multiple myeloma was conducted in Iowa, United States
(Morrs-Brown et aL., 1993), using the same methodology and same control group as that
described above in Section 2.2.2(b) (Cantor et aL., 1992). AlI cases of multiple myeloma
among adult white men aged 30 years or older and diagnosed during 1981-84 were
identified from the Iowa State Health Registry. Pathological material and laboratory
reports were reviewed by an expert pathologist. Included the study were 173 cases (101
alive, 72 deceased) and 650 controls (452 alive, 198 deceased). Interviews were

completed for 84% of multiple myeloma cases and 78% of controls. Sorne farng

activity was reported by 64% of the cases and 58% of the controls (odds ratio, 1.2; 95%
CI, 0.8-1.7). Risks were not elevated for subjects who handled the phenoxy herbicides
2,4-D (odds ratio, 1.0; 95% CI, 0.6-1.6) or 2,4,5-T (odds ratio, 0.9; 95% CI, 0.4-2.1).

(d) Other solid tumours (Table 37)

Hardell (1981) conducted a case-control study on colon cancer patients following the
same methodology as that described earlIer (see Section 2.2.2(a); Hardell & Sändstrom,
1979; Eriksson et aL., 1981; Hardell et aL., 1981). Cases were 157 men with colon cancer

(response rate, 98.1 %) aged 25-85 years who were residents of the region of Umeå,
Sweden, and who had been reported to the Swedish Cancer Registr in 1978-79. Al had

a histopathological diagnosis of adenocarcinoma. Sixty-five cases (41 %) were deceased.
The 541 controls were derived from two earlIer studies (Hardell & Sändstrom, 1979;
Hardell et al., 1981). A low excess risk was observed for exposure to phenoxy herbicides
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(odds ratio, 1.3; 95% CI, 0.6-2.8) and for exposure to chlorophenols (odds ratio, 1.8;
95% CI, 0.6-5.3). (The Working Group noted that no distinction was made between
herbicides likely to be contaminated with PCDDs and others.)

ln a case-control study on nasal and nasopharngeal cancer in the region of Umeå,
Sweden, Hardell et al. (1982) followed the same methodology as that described above
(Hardell & Sändstrom, 1979; Hardell et aL., 1981). The cases comprised all male patients
aged 25-85 years with histopathologically confirmed nasopharngeal cancer (n = 27) and
cancer of the nose and nasal sinuses (n = 44). AlI cases had been reported to the Swedish
Cancer Registry in 1970-79 and were residents in the three most northem counties of
Sweden. The 541 controls were derived from two earlier studies in the same region
(Hardell & Sändstrom, 1979; Hardell et al., 1981). Fifty (70.4%) of the cases were
deceased, compared with 245 (45.3%) of the controls. (No information was provided on
response rates.) Exposure to phenoxy herbicides was associated with a two-fold risk for
the combination ofnasopharngeal and nasal cavity cancer (odds ratio, 2.1; 95% Ci, 0.9-
4.7). A high risk was found for high-level exposure to chlorophenol, defined as a cumu-
lative exposure of one week of continuous or one month of discontinuous exposure (odds
ratio, 6.7; 95% CI, 2.8-16.2). No obvious difference was reported between cases and
controls for low-level exposure to chlorophenols. The risk associated with use of chloro-
phenol exposure was higher among wood workers (odds ratio, 8.4) than in other occu-
pations (odds ratio, 2.7) but, in a stratified analysis, it was shown that occupation as a
wood worker was not a confounding factor for exposure to chlorophenols. (The W orking
Group noted that no distinction was made between herbicides likely to be contamInated
with PCDDs and others.)

Men aged 25-80 who had been diagnosed with liver cancer between 1974 and 1981
and reported to the Deparment of Oncology, Umeå, Sweden, were included in another
case-control study (Hardell et al., 1984). Microscope slides were reviewed for the 166
assembled cases, and 103 cases of primar liver cancer were retained for the study; 206
population-based controls were matched with cases for age and residence. Information
on exposure was obtained as in previous studies (see Hardell & Sandström, 1979);
responses were obtained for 102 cases and 200 controls. The analyses were restricted to
the 98 cases of hepatocellular and cholangiocellular carcinoma. Odds ratios, without
controllng for other agricultural exposures, were 1.8 (95% Ci, 0.9-4.0) for exposure to
phenoxy herbicides and chlorophenols, 1.7 (95% Ci, 0.7-4.4) for exposure to phenoxy
herbicides only and 2.2 (95% CI, 0.7-7.3) for high-Ievel exposure to chlorophenols only.
(The W orking Group noted that no distinction was made between herbicides likely to be
contaminated with PCDDs and others.)

A case-control study conducted in two hospitals in Hanoi (Viet Nam) between 1989
and 1992 included 152 male cases of hepatocellular carcinoma and 241 hospital controls,
admitted mainly in abdominal surgery deparments, matched for age, sex and area of
residence at the time of admission (Cordier et al., 1993). Exposure to Agent Orange may
have occurred during stays in the south of Viet Nam afer 1960 (date of the beginnng of
spraying missions) especia1ly for milita purposes. Duration of militar service in the

south, for Nort Vietnamese soldiers, was considered as a proxy for exposure to Agent
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Orange. Ths is justified by the fact that sprayings were principally aimed at uncovering
trails used by the Vietnamese combatants, who stayed one or two years on average in
these areas and consumed locally grown (and contamnated) foodstuffs. The overall odds
ratio associated with militar service in the south was 1.3 (95% CI, 0.8-2.1). The risk
rose with increasing duration of stay in the south, reaching 8.8 (95% CI, 1.9-41) after 10
years. Odds ratios were adjusted for matching variables (hospital, age, area of residence),
hepatitis B virus surface antigen, anti-hepatitis C virus status and alcohol consumption.

2.3 Combined evidence from high-exposure human populations

Causal inference about the effects of chemicals can best be drawn from studies with
well documented exposures. It is important to focus on human studies in which it is clear
that exposure to the chemical in question actually occurred. The ideal is to have biolo-
gical markers of snch exposure. ln the case of 2,3,7,8-TCDD, the long half-life in
humans means that recent biological measurements allow assessment of past human
exposure. ln addition, chloracne may be an indication of exposure for some studies,
although its absence does not rule out exposure.

The most informative studies for causal inference are those with the highest expo-
sures, which if they are causal wil produce the highest cancer risks. For these reasons,
the W orking Group abstracted from published studies data concernng the most highly
exposed populations studied in the world. Evidence for their exposure being high is
given in Section 1.3.1 (see Table 22). The Working Group focused on the most exposed
sub-cohorts within cohorts, and also confined its attention to findings with adequate
latency when available. The reasons for doing this are that if associations are truly
causal, they wil become more apparent at the highest exposures with adequate latency.
Such studies are identified in Table 38. The first line gives the results from the large
international cohort study conducted by lARe. The next lines give data from four
separate cohorts of industrial production workers, three of which were included withn
this large cohort. These have been selected because of known high exposure to 2,3,7,8-
TCDD, whereas the total combined IARC cohort also inc1uded sub-cohorts with much
lower exposure. Data from the community exposures resulting from the Seveso accident,
although high exposures, are not inc1uded because of inadequate duration of follow-up

since the accident.

The focus of attention within each of the published studies has been on all cancers
combined, and on paricular sites of interest, namely cancers of the lung and gastro-
intestinal tract, non-Hodgkin lymphoma and soft-tissue sarcoma. Observed numbers,
SMRs and 95% Cls are given for each of these sites for each study. Below the presen-
tation of the high-exposure industraI cohorts are summar estimates by the W orking
Group obtained by adding the observed and expected numbers for aIl cancers combined
and each cancer site.

There is an overall increase in mortality from all cancers combined in the high-
exposure industral cohorts in several studies. The overall SMR for all cancers combined
calculated by the Working Group was 1.4 (95% Ci, 1.2-1.6). Although this overall SMR
is low, these findings concernng all cancers are most unliely to be due to chance, and



..
\0Table 38. Summary of the combined international cohort and selected industrial cohort studies with high exposure levels N

Reference AU cancers Lung cancer Non-Hodgkin lymphoma Soft-tissue sarcoma Gastrointestinal cancer

Obs. SMR 95% CI Obs. SMR 95% CI Obs. SMR 95% CI Obs. SMR 95% CI Obs. SMR 95% CI

Interntional cohort

Kogevinas et aL. 394 1.2 1. -1. 127 1.2 1.0-1.4 14 1.6 0.9-2.7 3 2.3 0.5-6.6 190 1.0 0.9-1.2
(1997)"

Industrial populations (high-exposure subcohorts) -
Fingerhut et al. 114 1.5 1.2-1.8 40 1.4 1.0-1.9 2 0.9 0.1-3.4 3 9.2 1.9-27.0 28 1.4 0.9-2.0 ;¡::
(1991a/ n
(USA) ~
Becher et al. 105 (1.3) (1.0-1.5) 33 (1.4) (1.0-2.0) 6 (4.6) (1.7-10.0) 0 0.0 27 (0.9) (0.6-1.4)

0- Z
( 1996)' 0
(Gennany)

~Hooiveld et al. 51 1.5 1.-1.9 14 1.0 0.5-1.7 3 3.8 0.8-11.0 0 0.00 - NR
(1996a/ "'

::
(N etherlands) CI

~Ott & Zober 18 1.9 1.-3.0 7 2.4 1.0-5.0 NR NR 6 1.8 0.7-4.0 0
(1996)' t"
(BASP, æaccident) tI

0'Total (288) (1.4) (1.2-1.6) (94) (l.4) (1.-1.7) (11) (2.6) (1.3-4.7) (3) (4.7) (61) (1.2) (0.9-1.5) \0

P value 0: 0.001 0: 0.01 0: 0.01 0.23

NR, not reported
a Kogevinas et al. (1997): men and women ~ 20 years since first exposure, except for digestive cancer for which no latency data were available. These data

include the cohorts of Fingerhut et al. (1991a,b), Becher et al. (1996), Hooiveld et aL. (1996a), the onginal IARC cohort (Saracci et aL, 1991) and other cohorts.
bPingerhut et al. (199Ia): Men;: 20 years latency and ~ 1 year exposure
cBecher et aL. (1996): Men, Cohort L and II, summed (Boehnnger-Ingelheim, Bayer-Uerdingen cohorts)
dHooiveld et al. (l996a): Men and women, Factory A
e Ott & Zober (1996): Men, chloracne subgroup, ~ 20 years latency. Data presented for lung cancer are all respiratory tract cancers combined. No data were

available for soft-tissue sarcoma and non-Hodgkin lymphoma.
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are consistent across the studies with the highest exposure. Increases in all cancers

combined of this magnitude have rarely been found in occupational cohorts.

The combined SMR for lung cancer was calculated to be 1.4 (95% CI, 1.1-1.7). The
findings are unlikely to be due to chance. It is the view of the W orking Group that these
lung cancer results are not the result of confounding by cigarette smoking. As with all
cancers combined, the strength of association is again low .

The overall estimate for non-Hodgkin lymphoma was significantly elevated (SMR,
2.6; 95% CI, 1.3-4.7), but there was no increased risk in the large NIOSH cohort. The
SMR for gastrointestinal cancer was 1.2 (95% CI, 0.9-1.5). For soft-tissue sarcoma, the
overall SMR was approximately 4.7 (calculated by the Working Group, estimating
expected values of 0.20 and 0.12 for Becher et al. (1996) and Hooiveld et aL. (1996a)

respectively).

The available dose-response data are presented in Table 39. Two studies give dose-
response relationship data for all cancers combined based on evidence for 2,3,7,8-TCDD
exposure. ln the Boehrnger-Ingelheim cohort (cohort 1 in Becher et al.), the relative
nsks are given for seven levels of toxic equivalents for 2,3,7,8-TCDD (Flesch-Janys
et al., 1995). The rate ratios fluctuate, but there is a clear elevation for the highest
exposure group, which involves workers with markedly higher blood and fat 2,3,7,8-
TCDD levels than for the other categories (RR, 2.7; 95% CI, 1.7-4.4). The overall test
for trend resulted in a p value less than 0.01, but this is largely the result of the high RR
for the highest exposure group.

The second study giving dose-response data for all cancers involves the BASF
accident cohort, based on the entire cohort (n = 243). Workers were divided into four
categories of measured and estimated 2,3,7,8-TCDD levels. There was a trend for
increasing SMR with measured exposure up to a relative risk of 2.0 (95% CI, 0.8-4.0).
The test for trend using cumulative dose as a continuous varable in Cox's regression
analysis yielded confidence intervals indicating a p value of 0.05. Thus ths study and the
Boehrnger-Ingelheim cohort together provide dose-response evidence supporting a
causal relationship between 2,3,7,8-TCDD exposure and mortality from all cancers
combined. Further subdivision of the data indicates that the positive dose-response was
restrcted to smokers.

Concernng specific cancer sites, dose-response information from higWy exposed
populations is available in one publication only involving two cancer sites, non-Hodgkin
lymphoma and soft-tissue sarcoma. For each site, there are trends of increasing risks with
increasing exposures classified as low, medium and high. Whle confidence limits are
broad, the test for trend gave p values of 0.1 for non-Hodgkin lymphoma and 0.04 for
soft-tissue sarcoma.

ln summar, the epidemiological evidence from the most highly 2,3,7,8-TCDD-
exposed populations studied produces strong evidence of increased risks for all cancers
combined, along with less strong evidence of increased risks for cancers of paricular
sites. Ths situation appears to be unique, compared with established human carcinogens.
The overall findings are unlikely to be due to chance. There is no obvious basis to infer
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Table 39. Cohort or nested case-control studies of
industriaI workers presenting dose-response data

Boehringer-Ingelheim cohort, Gennany (Fesch-Janys,
1996), aIl cancers

PCDD/PCDF TEQ (nglblood fat)" Rate
ratio

(95% CI)

o
1.0-12.2
12.3-39.5
39.6-98.9
99.0-278.5
278.6-545.0
545.1-4361.9

1.0
1.0 (0.6-1.8)
1.3 (0.8-2.1)
1.2 (0.7-1.9)
1.2 (0.8- 1.9)
1.3 (0.7-2.3)
2.7 (1.7-4.4)

Test for linear trend p .. 0.01

BASF accident cohort, Gennany (Ott & Zober, 1996), aIl
cancers

2,3,7,8-TCDD No. of subjects No. of SMR (95% CI)

(l1g/kg bw) deaths
.. 0.1
0.1-0.99
1.0- 1.99
~2.0

108
66
47
22

fp = 0.05)

8
8

8
7

0.8 (0.4-1.6)

1.2 (0.5-2.3)

1.4 (0.6-2.7)

2.0 (0.8-4.0)

IARC nested case-control stndy (Kogevinas et al., 1995)

2,3,7,8-TCDD Number of Odds (95% CI)
exposure cases/contro1s ratio

Non-Hodgkin lymphoma
Non-exposed 21/119 1.0Law 4/18 1.4 (0.4-.6)
Medium 3/8 3.6 (0.7-18.7)High 4/13 3.6 (0.6-19.2)

Test for 1inear trend p = 0.1

Soft-tissue sarcoma
Non-exposed 6/42 1.0Law 1/4 2.8 (0.1-54.8)
Medium 1/4 6.6 (0.1-540)High 3/5 10.6 (0.6-71)

Test for lInear trend p = 0.04

aEstimated German PCDD/PCDF TEQ 1evels at the end of

exposure above German median background
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that the findings are due to confounding with smoking, nor with occupational exposures
to other chemicals, but such confounding cannot be ruled out. There is evidence in some
studies of dose-response relationships, although dose-response data are not avaiIabIe for
sorne of the largest studies. The relative risk estimates for all cancers, lung cancer and
gastrointestinal cancer involve relatively low strengths of association. Higher relative
risk estimates are present in sorne studies conceming non-Hodgkin lymphoma and soft-
tissue sarcoma, but the total numbers of cancers are small, in paricular for soft-tissue
sarcoma.

3. Studies of Cancer in Experimental AnimaIs

2,3,7,8- Tetrachlorodibenzo-para-dioxin (2,3,7,8- TCDD)

Long-term carcinogenicity studies of 2,3,7,8-TCDD in experimental animaIs are
summarzed in Table 40.

3.1 Oral administration

3.1.1 Mouse

Groups of 45 male outbred Swiss/Hop mice, 10 weeks of age, were given
gastric instilations of 0.007, 0.7 or 7.0 i-glg bw 2,3,7,8-TCDD (purity unspecified)
dissolved in sunflower oil once a week for one year. A control group received vehicle
only. AnimaIs were followed for the rest of their life span. Survival was significantly
decreased in the high-dose anmaIs (average life span, 424 days compared with 588 days
in controls). It was reported that all organs (unspecified) were examined histologically.
Treatment with 2,3,7,8-TCDD caused severe chronic, u1cerous skin lesions, followed by
generalized lethal amyloidosis and was associated with an increased incidence of liver
tumours (hepatocellular adenomas and carcinomas combined) (the two histological types
were not reported separately): control, 7/38; low-dose, 13/44; mid-dose, 21/44 (p -c 0.01,
X2 test) and high-dose, 13/43. No statistically significant increase in the incidence of lung
tumours or lymphomas was observed (Toth et al., 1979). (The Working Group noted that
mortality-adjusted analysis was not performed and, therefore, the tumour incidence in the
high-dose group may be underestimated.)

Groups of 50 male and 50 female B6C3Fl mice, six weeks of age, were given gastric
instilations of 0.01, 0.05 or 0.5 i-g/kg bw (males) and 0.04, 0.2 or 2.0 i-glg bw
(females) 2,3,7,8-TCDD (purity, 99.4%) in a vehicle of 9 : 1 corn oil-acetone twice a
week for 104 weeks. One control group of 75 males and 75 females received vehicle
alone and another group of 50 males and 50 females was untreated. Mean body weights
of the treated groups were comparable with those of the vehicle-control group. Treatment
did not affect survival: 30/50 untreated control, 38/74 vehicle-control, 30/50 low-dose,
31/50 mid-dose and 31/50 high-dose males were still alive at 105-107 weeks and 34/50
untreated control, 58/75 vehicle-control, 37/50 low-dose, 36/50 mid-dose and 32/50
high-dose females were still alive at 106-107 weeks. Treatment-related increases in
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Table 40. Summary oflong-term carcinogenicity studies on 2,3,7,8-TCDD in experimental animais

Species Sex Dose and route Target organ Tumour type Lowest effective Reference
dose for significant
increase in tumours

Mouse M 0.007,0.7, 7.0 llg/kg bw Liver Hepatocellular adenoma 0.7 llg/kglbw Toth et aL. (1979)
orally once a week for and carcinoma ..1 year and observed for

~
~ifetime

M 0.01,0.05,0.5 llg/kg bw Liver Hepatocellular carcinoma Dose-related trend United States s:
orally twice a week, 104 Lung Alveolarlbronchiolar Dose-related trend National Toxico- 0

Zweeks adenomas or carcinoma logy Program 0
F 0.04, 0.2, 2.0 llg/g bw Liver Hepatocellular carcinoma Dose-related trend (1982a) c.

orally twice a week, 104 Thyroid Follcle-cell adenoma Dose-related trend
~weeks Haematopoietic system Lymphoma Dose-related trend ::Skin Subcutaneous fibrosarcoma Dose-related trend CI

~F 0.005 llg/animal, skin, lntegumentar system Fibrosarcoma 0.001 llg/animal United States 0
3 times per week for 104 National Toxico- l'

c:weeks logy Program s:
(1982b)

t:
0\

M 2.5,5.0 llg/kg bw orally Liver Hepatocellular carcinoma 2.5 llg/kg bw Della Porta et al.
\0

once a week for 52 weeks,
(1987)followed until i 04 weeks

of age
F 2.5,5.0 Ilg/kg bw orally Liver Hepatocellular carcinoma 2.5 llg/kg bw

once a week for 52 weeks,
followed until i 04 weeks
of age



Table 40 (contd)

Species Sex Dose and route Target organ Tumour type Lowest effective Reference
dose for significant
increase in tumours

Mouse M 1,30,60 ¡.g/kg bw i.p. Thymus Lymphoma Dose-related trend Della Porta et al.
(immature) once a week for 5 weeks Liver Hepatocellular adenoma Dose-related trend (1987)

and observed until and carcinoma ( contd)
78 weeks of age 'i0

F 1, 30, 60 ¡.glg bw i.p. Thymus Lymphoma Dose-related trend t"~once a week for 5 weeks Liver Hepatocellular adenoma Dose-related trend n
and observed until and carcinoma p
78 weeks of age 0

Rat M 22,210,2200 ppt in diet, Hard palate Squamous-cell carcinoma 0.1 ¡.glkg bw Kociba et al. ~for 2 yrs (equiv. to 0.001, ~ asal turbinates Squamous-cell carcinoma 0.1 ¡.g/kg bw (1978) ~
0.01,0.1 ¡.glg bw) Tongue Squamous-cell carcinoma 0.1 ¡.glkg bw ~t:

F 22,210,2200 ppt in diet, Liver Hyperplastic nodule 0.01 ¡.glkg bw 0
0for 2 yrs (equiv. to 0.001, Liver Hepatocellular carcinoma 0.1 ¡.glg bw ""t:0.01,0.1 ¡.glg bw) Hard palate Squamous-cell carcinoma 0.1 ¡.g/kg bw t:

~asal turbinates Squamous-cell carcinoma 0.1 ¡.g/kg bw ~
Lung Squamous-cell carcinoma 0.1 ~glkg bw 0

.tTongue Squamous-cell carcinoma 0.1 ~glkg bw i:
M 0.01,0.05,0.5 ¡.glkg bw Thyroid Follcular-cell adenoma Dose-re1ated trend United States ~

1

orally, twice a week, 104 Liver Neoplastic nodule Dose-related trend National Toxico- 0""
weeks logy Program 0

~
(1982a) Z

F 0.01, 0.05, 0.5 ¡.glkg bw Thyroid Follicular-cell adenomas 0.5 ¡.g/kg bw en

orally, twice a week, 104 Liver Neoplastic nodules 0.5 ¡.g/kg bw
weeks

Hamster M 50, 1 00 ~g/kg bw i.p. or Skin Squamous-cell carcinomas 100 ~g/kg bw Rao et aL. (1988)
S.c. 6 tImes at 4 wk
intervals and observed for
1 year

,.
\0

i.p., intraperitoneally; s.e., subcutaneously ..
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hepatotoxicity were found in high-dose animaIs of both sexes. The incidences of hepato-
cellular carcinoma were dose-related, with significantly higher incidence in the high-dose
groups (males, p = 0.002; females, p = 0.014, Fisher's exact test) than in the vehicle-
control groups (males: vehicle-control, 8/73; low-dose, 9/49; mid-dose, 8/49; and high-
dose, 17/50; females: vehicle-control, 1/73; low-dose, 2/50; mid-dose, 2/48; and high-
dose, 6/47; males, p = 0.002; females, p = 0.008 Cochran-Artage test for trend). Dose-
related increases in the incidence of follcular-ceH adenomas of the thyroid were
observed in female mice, with significantly higher incidence (p = 0.009) in the high-dose
group than in the vehicle-control group (vehicle-control, 0/69; low-dose, 3/50; mid-dose,
1/47; and high-dose, 5/46; p = 0.016 for trend). ln female mice, there was a significant
increase in the incidence of lymphomas at the high dose (18/74 controls, 11/50 low-dose,
13/48 mid-dose and 20/47 high-dose; p = 0.029). There was also a significant increase in
the incidence of subcutaneous fibrosarcomas in high-dose females (1/74 controls, 1/50
low-dose, 1/48 mid-dose and 5/47 high-dose; p = 0.032). A dose-related increase
(p = 0.04, Cochran-Artage test for trend) in lung tumours (alveolarlbronchiolar ade-
nomas or carcinomas) was observed in male mice (10/71 controls, 2/48 low-dose, 4/48
mid-dose and 13/50 high-dose) (United States National Toxicology Pro gram, 1982a).

Groups of 45-55 male and female (C57BL/6J x C3Hf)Fl mice, six weeks of age,
were given gastric instilations of 0, 2.5 or 5.0 llg/kg bw 2,3,7,8-TCDD (laboratory
grade; purity unspecified) in 0.01 mL/kg bw corn oil vehicle (containing 1.2% acetone)
once a week for 52 weeks. At 31-39 weeks of age, 41 males and 32 females in the 2.5-
llg/kg bw group were erroneously treated once with a dose of 25 llg/kg bw 2,3,7,8-
TCDD. The treatment of these mice was interrpted for five weeks and then continued
until week 57, as for the other treated mice. At the end of treatment, aH groups were kept
under observation until 110 weeks of age, when all survivors were killed. Histopatho-
logical examination was cared out on Harderian glands, pituitar, thyroid, tongue, oeso-
phagus, trachea, lungs, liver, pancreas, mesenteric lymph nodes, small intestine, spleen,
kidney, adrenalglands, testis or ovares, uterus, urinar bladder and aIl other organs with
apparent or suspected pathological alterations. Treatment with 2,3,7,8-TCDD at both
dose levels caused a marked depression in mean body weight in both males and females.
Survival was significantly reduced in male and female 2,3,7,8- TCDD-treated mIce

(p -0 0.001). Long-term administration of 2,3,7,8-TCDD increased the incidence of sorne
non-neoplastic lesions, including liver necrosis, amyloidosis of multiple tissues and
nephrosclerosis. Dermatitis developed in most 2,3,7,8-TCDD-treated mice and regressed
after cessation of treatment. Tumour incidence was evaluated statistically adjusting for
intercurrent mortality. (The authors report that, due to the toxicity of the treatment, it was
not possible to distinguish between fatal and incidental tumours and both statistical
methods were used.) Hepatocellular adenomas occurred in 10/45 control, 11/5110w-dose
and 10/50 high-dose males (p ~ 0.05, incidental tumour test). However, when fatal
tumours were considered, there was a significant increase (p -0 0.001, fatal tumour test).
ln females, the incidence of hepatocellular adenomas was 2/49 control, 4/42 low-dose
and 11/48 high-dose animaIs (p -0 0.01, fata tumour test; p -0 0.001, incidental tumour
test). The incidences of hepatocellular carcinomas were: 5/43 control, 15/51 low-dose
and 33/50 high-dose males (p -0 0.001 for both fatal and incidental tumour tests); and
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1/49 control, 12/42 low-dose and 9/48 high-dose females (p -. 0.01, fatal tumour test;
p -. 0.05, incidental tumour test). The incidence of any other tumour type was not asso-
ciated with treatment (Della Porta et aL., 1987).

3.1.2 Rat

Groups of 10 male Sprague-Dawley rats, weighing approximately 60 g, were fed diets
containing 1, 5, 50, 500 ng/kg diet (pars per trllon; ppt), 1, 5, 50, 500 or 1000 llg/kg

diet (pars per bilion; ppb) 2,3,7,8-TCDD (purity unspecified). One control group was

maintained on basaI diet. AnimaIs were maintained on the diets for 78 weeks, at which
time the treated animaIs were changed to the basal diet. At 65 weeks of the experiment,
laparotomies were performed on all surviving animaIs and at 95 weeks all surviving
animaIs were killed. All animaIs treated with the three highest doses (50, 500 and 1000
ppb) died between the second and fourth week of the experiment. At the end of the
experiment, four, eight, six, six and five, zero and zero animaIs were alive in the control,
1-,5-,50- and 500-ppt and 1- and 5-ppb groups, respectively. Varous types ofneoplasm
were observed in the treated rats and none in the control rats. The numbers of animaIs
with neoplasms were zero, zero, five, three, four, four and seven in the control, 1-, 5-, 50-
and 500-ppt and 1- and 5-ppb groups, respectively. ln the 5-ppb group, four squamous-
cell tumours of the lung, four neoplastic nodules of the lIver and two cholangio-

carcinomas of the liver were observed. One cholangiocarcinoma was observed in the
I-ppb group (Van Miler et al., 1977). (The Working Group noted the small number of
anmaIs per group, but that cholangiocarcinomas are relatively rare in rats and may be
related to treatment.)

Groups of 50 male and 50 female Sprague-Dawley rats, six to seven weeks of age,
were fed 22, 210 or 2200 ppt (nglg) 2,3,7,8-TCDD (punty, ;: 99%) in the diet, corres-
ponding to 0.001, 0.01 or 0.1 llg/kg bw daily for two years. Control groups of 86 male
and 86 femaIe rats received a basal diet containing the vehicle (acetone) only. Termnal
necropsy was performed at 105 weeks. Representative portions of most organs and any
additional gross lesioIis were preserved in formalin fixative. Histological examination
was conducted on an extensive list of tissues from control and high-dose rats. All rats in
the low- and mid-dose groups were subjected to histologicaI examnation of tissues iden-
tified as possible taget organs and aIl gross lesions. Reduced survivaI was observed in
high-dose females and in mid- and high-dose males. Mean body weights of high-dose
males and mid- and high-dose femaIes were below those of the control anmaIs through-
out the major portion of the study (details not reported). Non-neoplastic, treatment-

related pathological changes were reported, especially in the lIver. High- and mid-dose
rats had multiple hepatocellular necrosis and inflamatory changes. ln males, the inci-
dences of hepatocellular hyperplastic nodules (6/85 controls, 0/5010w-dose, 3/50 mid-
dose and 2/50 high-dose) and hepatocellular carcinomas (2/85 controls, 0/50 low-dose,
0/50 mid-dose and 1/50 high-dose) were not increased. ln female rats, the incidence of
hepatocellular hyperplastic nodules was 8/86 control, 3/50 low-dose, 18/50 mid-dose and
23/49 high-dose animaIs (p -. 0.05, Fisher's exact test) and that of hepatocellular carci-
nomas was 1/86 control, 0/50 low-dose, 2/50 mid-dose and 11/49 high-dose animaIs
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(p.. 0.05). The lipid concentrations of 2,3,7,8-TCDD in the low-, mid- and high-dose
rats were 540, 1700 and 8100 ng/kg. Squamous-cell carcinomas of the hard palate or
nasal turbinates occurred in 4/49 (p .. 0.05) high-dose and 1/50 mid-dose females,

squamous-cell carcinomas of the lung were observed in 7/49 (p.. 0.05) high-dose

females and squamous-cell carcinomas of the tongue occurred in 2/49 high-dose females;
tumours at these sites were not observed in the other groups. ln high-dose males, 4/50
rats developed squamous-cell carcinomas of the hard palate or nasal turbinates
(p .. 0.05), one developed a squamous-cell carcinoma of the lung and three squamous-
cell carcinomas of the tongue (p.. 0.05). ln comparson with the high incidence of
endocrine-related tumours (pituitar adenomas, phaeochromocytomas and pancreatic
islet-cell tumours) in controls, reduced incidences were observed in the high-dose group
(Kociba et al., 1978).

A re-evaluation of the slides of liver specimens from the female animaIs studied by
Kociba et al. (1978) was performed by a panel of pathologists (Keenan et al., 1991). ln
contrast to the original findings, they found about two-thirds fewer tumours present in
the livers of female Sprague-Dawley rats. On the basis of their results, they established a
no-observed-adverse-effect level for hepatocellular carcinomas of 0.01 Jlg/kg bw per day
2,3,7,8-TCDD. (The Working Group noted that the results of this re-evaluation do not
change substantially the positive findings of Kociba et al. (1978) on the liver carcino-
genicity of 2,3,7,8-TCDD in female rats.)

Liver slides from the study by Kociba et aL. (1978) were further reviewed by a patho-
logy working group with the aim of evaluating proliferative lesions in the livers of
female rats. The results of the working group substantially confired the previous results
on dose-related increased tumour incidence (hepatocellular adenomas: 2/81 control, 1/50
low-dose, 9/50 mide-dose and 14/45 high-dose; hepatocellular carcinomas: 0/86, 0/50,
0/50 and 4/45). There was a dose-related increase in the incidence of hepatic eosinophilic
foci (31/86 control, 23/50 low-dose, 37/50 mid-dose and 40/45 high-dose) (Goodman &
Sauer, 1992).

Groups of 50 male and 50 female Osborne-Mendel rats, six weeks of age, were given
gastric instilations of 0.01, 0.05 or 0.5 Jlglg bw 2,3,7,8-TCDD (purity, ~ 99.4%) in a
vehicle of 9: 1 corn oil-acetone twice a week for 104 weeks. One control group of 75
male and 75 female rats received vehicle alone and another control group of 50 males
and 50 females was untreated. Mean body weights of the high-dose groups were lower
than those of the corresponding controls afer week 55 in males and after week 45 in
females. Treatment did not affect survival: 23/50 untreated control, 29/75 vehicle-
control, 17/50 low-dose, 20/50 mid-dose and 19/50 high-dose males were alive at the end
of the experiment at 105-108 weeks; 29/50 untreated control, 39/75 vehic1e-treated
control, 29/50 low-dose, 34/50 mid-dose and 32/50 high-dose females were alive at the
end of the experiment at 105-107 weeks. Treatment -related increased hepatotoxicity was
observed in high-dose males and females. Treatment-related increased incidences of
follcular-cell adenomas of the thyroid were seen in males and were signicantly higher
(p =0.001; Fisher's exact test) in the high-dose group than in the vehicle controls (1/69
vehicle-control, 5/48low-dose, 6/50 mid-dose and 10/50 high-dose; p = 0.006~ Cochran-
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Artage test for trend) and in high-dose female rats (3/73 vehic1e-control, 2/45 low-
dose, 1/49 mid-dose and 6/47 high-dose; p = 0.022, Cochran-Artage test for trend).
The incidence of neoplastic nodules of the liver was significantly higher (p = 0.006) in
high-dose females than in vehicle-control females (5/75 vehicle-control, 1/49 low-dose,
3/50 mid-dose and 12/49 high-dose). ln males, a dose-related positive trend (p = 0.005)
was seen (0/74, 0/50, 0/50 and 3/50, respectively) (United States National Toxicology
Pro gram, 1982a).

3.2 Administration to immature animais

Mouse: Groups of 89-186 male and female (C57BL/6J x C3Hf)Fl (B6C3) and
(C57BL/6J x BALB/c)Fl (B6C) mice, 10 days old, were given five weekly intraperi-
toneal injections of 0, 1, 30 or 60 /-glkg bw 2,3,7,8-TCDD (laboratory grade; purity
unspecified) in 0.01 mL/g bw corn oil vehic1e (containing 1.2% acetone). Treatment-
related mortality was high, especially with the mid and high doses. ln both hybrids,
2-6% of vehicle-control and low-dose mice died between the end of treatment and week
13 of age, compared with 12-20% of mid-dose and 26-30% of high-dose mice. A mean
body weight depression of 5% was observed throughout the experiment in mid- and
high-dose B6C3 and B6C males compared with the control groups. AnimaIs received no
furter treatment until 78 weeks of age, when aH survivors (73-100% of males and 81-
100% of females) were kiHed. Gross examination was performed on aH anmals that died
or were kiHed. Histopathological examination was cared out on the liver, kidney and

any other organ with apparent or suspected pathological alterations. The incidences of
thymic lymphomas were: 0/45 control, 0/55 low-dose, 1/52 mid-dose and 2/43 high-dose
B6C3 males; 0/42 control, 0/57 low-dose, 0/48 mid-dose and 5/57 high-dose B6C3
females; 0/32 control, 0/54 low-dose, 2/27 mid-dose and 2/30 high-dose B6C males; and
0/48 control, 0/57 low-dose, 1/39 mid-dose and 2/38 high-dose B6C females. Thymic
lymphomas developed between 16 and 41 weeks of age and most of them (11/15) were
seen within 26 weeks of age. The X2 test for trend was significant (p 00 0.05) in all four
groups (male and female B6C3 and B6C mice). The authors considered the development
of thymic lymphomas to be treatment-related due to the rarty of this tumour type in
untreated groups of B6C3 and B6C mice. The incidences of hepatocellular adenomas
were: 6/45 control, 5/55 low-dose, 5/52 mid-dose and 11/43 high-dose B6C3 males (p =
0.043, X2 test for trend); and 0/42 control, 1/57 low-dose, 1/48 mid-dose and 5/57 high-
dose B6C3 females (p = 0.014, X2 test for trend). The incidences of hepatocellular
carcinomas were: 3/45 control, 1/55 low-dose, 9/52 mid-dose and 14/43 high-dose B6C3
males (p 00 0.001, X2 test for trend; p = 0.002, Fisher's exact test, high-dose compared
with control); and in 0/42 control, 0/57 low-dose, 1/48 mid-dose and 1/57 high-dose
B6C3 females. HepatoceHular carcinomas were not observed in B6C mice of either sex
(Della Porta et al., 1987).

3.3 Intraperitoneal or subcutaneous administration

Hamster: Groups of 10-24 male Syrian golden hamsters, weighig 65-80 g (age
unspecified) receÌved six intraperitoneal or subcutaneous injections of 50 or 100 /-glkg
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bw 2,3,7,8-TCDD (purity unspecified) in dioxane or dioxane alone at four-week
intervals. A further group received only two intraperitoneal injections of 100 ~g/kg bw
2,3,7,8-TCDD. AnimaIs were observed until 12-13 months after the beginning of
treatment. Complete necropsies were performed on all animaIs, and tissues were fixed in
formalin and examined microscopically. Toxicity and early mortality were observed in
the high-dose groups. Squamous-cell carcinomas of the facial skin developed in 4/18
intraperitoneally high-dosed animaIs and 3/14 subcutaneously high-dosed animaIs. No
animal in the control groups, the low-dose groups or the groups receiving two intra-
peritoneal injections of the high dose developed tumours at any site (Rao et al., 1988).
(The Working Group noted the small number of animaIs per group.)

3.4 Skin application

Mouse: Groups of 30 male and 30 female Swiss-Webster mIce (six weeks old)
received 2,3,7,8-TCDD (purity, 99.4%) on the clipped back at doses of 0.001 ~g/animal
(males) and 0.005 ¡.g/animal (females), suspended in 0.1 mL acetone, on three days per
week for 99 (males) or 104 weeks (females). As vehicle controls, 45 mice of each sex
received 0.1 mL acetone three times per week. Thiry animals of each sex served as
untreated controls. Mean body weights were similar in the 2,3,7,8-TCDD- and vehicle-
treated groups, but untreated controls of both sexes had slightly higher body weights.
Survival in both sexes was decreased by 2,3,7,8-TCDD treatment (p = 0.005 and
p = 0.031 in males and females, respectively, Cox's test). Among males, 27/30, 33/45
and 27/30 untreated control, vehicle-control and 2,3,7,8-TCDD-treated mice, respec-

tively, were alive at week 52 of the study; 28/30, 43/45 and 29/30 untreated control,
vehicle-control and 2,3,7,8-TCDD-treated females, respectively, were alive at week 52 of
the study. ln males, the incidence of fibrosarcomas of the integumentar system was 3/42
and 6/28 in the vehicle-control and 2,3,7,8- TCDD-treated mice, respectively (not a
statistically significant difference). ln female mIce, the incidence of fibrosarcomas of the
integumentar system was significantly higher in animaIs treated with 2,3,7,8- TCDD
(8/27) compared with vehicle-controls (2/41; p = 0.007, Fisher' s exact test) (United
States National Toxicology Program, 1982b).

3.5 Exposure by immersion in water

Fish: Preliminar results of a study in progress reported in an abstract indicate that
exposure of medaka fish (Oryzias latipes) to 2,3,7,8-TCDD producing a body concen-
tration of 2 ¡.g/kg was associated with tumours at several sites - gils, thyroid apd swim
bladder (Johnson et al., 1992b).

3.6 Administration with known carcinogens and modifying factors

For an overview of studies on administration of 2,3,7,8-TCDD and related PCDDs
with known carcinogens, see Table 41. (The Working Group noted that the experimental
approach used in these studies is frequently termed a tumour promotion protocol. This
termnology is used in Section 4.6.2 of the present monograph.)
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Table 41 (contd)

Strainlspecies (sex) Known carcinogen Route of Interval Dose and frequency of PCDD Route of Enhance- Reference
adminis- adminis- ment"
tration tration

Liver (contd)

SD rats (F) PH/30 mglg bw NDEA i.p. 35 days 0.5 then 0.1 llglg bw 2,3,7,8-TCDD/weekly/20 wk s.e. - Hemmng
PH/30 mg/lg bw NDEA i.p. 35 days 1.8 then 0.316 llg/lg bw 2,3,7,8-TCDD/weekly/20 wk s.e. - et al. (1995)
PH/30 mg/lg bw NDEA i.p. 35 days 5 then 1 llglg bw 2,3,7,8-TCDD/weekly/20 wk s.e. +

Wista rats (F) 10 x 10 mglg bw NDEA oral 56 days 1.4 llglg bw 2,3,7,8-TCDD once s.e. - Stinchcombe
10 x 10 mglg bw NDEA oral 56 days 1.4 llglg bw 2,3,7,8-TCDD/biweekly/16 wk s.e. + et aL. (1995)

SD rats (F) 175 mg/lg bw NDEA i.p. 14 days 1.5 llglg bw 2,3,7,8-TCDD/biweekly/30 wk Oral + Tritscher
et al. (1995)

DMBA, 7,12-dimethylbenz(a)anthacene; MNNG, N-methyl-N -nitro-N-nitrosoguanidine; NDMA, N-nitrosodimethylamine; NDEA, N-nitrosodiethylamine; SD, Sprague-Dawley;
PH, parial hepatectomy; F, female; M, male; Lp., intraperitoneal injection; s.e., subcutaneous injection; Lm., intamuscular injection
a Enhancement corresponds to promotion as used in Section 4.6.2.
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3.6.1 Skin

Mouse: Groups of 30 female CD 1 mice, seven to nine weeks of age, received skin
applications of 2 Ilg 2,3,7,8-TCDD or 2.56 Ilg 7,12-dimethylbenz(a)anthracene (DMBA)
per animal or both chemIcals together in 0.2 mL acetone solvent. Staring one week later,
the mice received thrce weekly applications of 12-0-tetradecanoylphorbol-13-acetate

(TPA) (5 Ilg/animal) in 0.2 mL acetone for 32 weeks. The 2,3,7,8-TCDD/TPA-treated
mice had 0.1 papilomas/mouse (14% incidence), the 2,3,7,8-TCDD + DMBA/PA-
treated mice had 2.2 papilomas/mouse (63% incidence) and the DMBAfPA-treated
mice had approximately 1.8 papilomas/mouse ( 40% incidence) (Di Giovani et al.,
1977). (The Working Group noted that adequate control groups were not available,
precluding an evaluation.)

Three groups of 30 female CD 1 mIce, six to eight weeks of age, received single skin
applications of 0.2 IlmoVanimal (60 Ilg) DMBA in 0.2 mL acetone or solvent alone.
Staring one week later, mice were treated with an acetone solution of 0.1 Ilg 2,3,7,8-
TCDD or 2 Jlg TP A per animal (positive control) or acetone solvent alone twice weekly
for 30 weeks, at which time the experiment was termnated. The percentages of mice
with skin papilomas were DMBA/2,3,7,8-TCDD, 0%; DMBA/A, 92% and acetone/-
TPA, 0% (Berr et al., 1978).

ln groups of female HRS/J haired (hr/+) mice given single skin applications of
DMBA (0.2 Ilmol in acetone) followed by twice weekly applications of 20 ng/anmal
2,3,7,8-TCDD for eight weeks then 50 ng/animal for 17 weeks, no skin tumours were
found. ln contrast, in HRS/J hairless (hr/hr) mIce treated with 0.2 IlmoVanmal DMBA
and the same regimen of2,3,7,8-TCDD (25 weeks), 15/19 surviving mIce developed skin
tumours (1.4 tumours per mouse). ln hairless animaIs treated with DMBA alone, one
skin papiloma was found and, in the absence of DMBA, 2,3,7,8-TCDD produced no
skin tumour (Pol and et al., 1982).

ln a further experiment, groups of 20 female HRS/J hairless (hr/hr) mice, seven
weeks of age, were given single skin applications of 5 Ilmol (0.75 mg)/animal N-methyl-
N' -nitro-N-nitrosoguanidine (MNNG) in 50 ilL acetone followed by twice weekly doses
of 0 or 3.75-30 ng/animal 2,3,7,8-TCDD or 1 Ilg or 3 Jlg/anmal TPA as positive

controls. The numbers of mice with skin tumours at 20 weeks are shown in Table 42
(Poland et al., 1982).

Groups of 26 female HRS/J hairless (hr/hr) mice, eight weeks of age, were given
single skin applications of 0 or 5 IlmoVanmal MNG in 50 ilL acetone followed by
50 ng/animal 2,3,7,8- TCDD for five weeks then 20 ng/anmal for 15 weeks, both in
50 ilL acetone twice weekly during the 20-week period. Skin tumours developed in
16/19 (1.6 tumours per mouse) mice treated with MNG plus 2,3,7,8-TCDD compared
with 0/18 in mice treated with 2,3,7,8-TCDD alone (Poland et aL., 1982).

Thee groups of 20 female HRS/J hailess (hr/hr) mice, fIve to eight weeks of age,
were given single skin applications of 5 IlmoVanmal MNG in 50 ilL acetone. Seven
days later, the mice were treated with 2.5, 5 or 10 nglanmal 2,3,7,8-TCDD in 25 ilL
acetone twice weekly for 20 weeks. A control group of 20 mice received acetone



208 lARe MONOGRAHS VOLUME 69

followed by 10 ng/animal 2,3,7,8-TCDD. The numbers of surviving mice with papil-
lomas, carcinomas or hyperproliferative nodules of the skin were 8/20, 8/19 and 7/18
after treatment with MNNG and 2.5, 5 or 10 ng/animal 2,3,7,8-TCDD compared with
0/18 mice treated with 2,3,7,8-TCDD alone (Hébert et al., 1990a).

Table 42. Induction of skin tumours in female HRS/J hairless
mice

Initiation Promotion Turnour incidence Tumour multiplicity
(surviving mice (average no. of
with turnoursl papilomasl
surviving mice) surviving mice)

MNG Acetone 1/19 0.05
MNG TCDD 3.75 ng 11/20 0.7
MNG TCDD 7.5 ng 13/17 1.5
MNG TCDD 15 ng 10/10 4.0
MNG TCDD 30ng 15/19 1.6
Acetone TCDD 30ng 0/19 0
MNG TPA 1 J.g 5/19 0.4
MNG TPA 3 J.g 13/18 1.6

From Poland et al. (1982)

ln two experiments with female Sencar mice, it was shown that prior skin application
of 2,3,7,8-TCDD reduced tumorigenesis of DMBA (or monofluoro derivatives of
DMBA) and benzo(a)pyrene (Cohen et aL., 1979; DiGiovanni et al., 1983).

3.6.2 Lung

(a) Mouse

Groups of male Swiss mice (initial numbers unspecified), five weeks of age, were
given a single intraperitoneal injection of 25 mg/g bw N-nitrosodimethylamine
(NDMA) in saline. Thee weeks later, the mice were given either single intraperitoneal
injections of 1.6, 16 or 48 J.g/kg bw 2,3,7,8-TCDD in olive oil, weekly doses of
0.05 J.g/kg bw 2,3,7,8-TCDD weekly for 20 weeks or olive oil alone. AlI mIce were
killed after 52 weeks. Alveolar-cell adenomas and carcinomas were found in 100% of
mice in all treatment groups (NDMNolive oil, 24/24; NDMN2,3,7,8-TCDD (repeated
0.05 J.g/kg bw/week), 30130; NDMN2,3,7,8-TCDD (1.6 J.glg bw), 15/15; NDMN-
2,3,7,8-TCDD (16 J.g/kg bw), 19/19; NDMN2,3,7,8-TCDD (48 J.g/kg bw), 11/11).
However, tumour multiplicity was significantly increased in mIce receiving weekly
injections of 0.05 J.g/kg bw 2,3,7,8-TCDD (18:t 1.7 versus 12:t 1.5; p = 0.031) and in
mice given a single dose of 1.6 J.glg bw 2,3,7,8-TCDD (201:2.6 versus 12 + 1.5;
p = 0.016) compared with those given NDMA only (Beebe et al., 1995a).

ln another experiment with male C57BU6, DBN2 and B6D2Fl mice, lung fumour
incidence following a single intraperitoneal injection of 90 mg/kg bw N-nitrosodiethyl-
amne (NDEA) was not increased by weekly intraperitoneal injections of 0.05 J.g/g bw
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2,3,7,8-TCDD given three weeks later for 20 weeks followed by observation up to 52
weeks (C57BL/6: NDEA alone, 20/26; NDEA + 2,3,7,8-TCDD, 25/31; DBA/2: NDEA
alone, 24/28; NDEA + 2,3,7,8-TCDD, 22/26; B6D2Fl: NDEA alone, 33/34; NDEA +
2,3,7,8-TCDD, 33/33) (Beebe et al., 1995b). (The Working Group noted that the high
incidence of lung tumours induced by NDEA alone precluded the detection of an effect
of 2,3,7,8-TCDD.)

(b) Rat

Groups of 45 female Sprague-Dawley rats were ovarectomized or sham-operated at
56 days of age. At 70 days of age, they were given a single intraperitoneal injection of
200 mg/kg bw NDEA in saline followed 10 days later by oral administration of 0 or
1.4 i-g/kg bw 2,3,7,8- TCDD in olive oil every two weeks for 60 weeks. Lung carcinomas
were found in 0/37 sham-operated and 4/39 (3 adenocarcinomas and 1 squamous-cell
carcinoma) ovarectomized rats treated with NDEA and 2,3,7,8-TCDD (Clark et al.,
1991a). (The Working Group noted that no information was reported on whether NDEA
alone caused lung tumours in sham-operated or ovarectomized rats.)

3.6.3 Liver

(a) Mouse

Groups of 18-30 male C57BL/6, DBA/2 and B6D2Fl mice were given a single intra-
peritoneal injection of 90 mg/kg bw NDEA or the solvent trcaprilyn at five weeks of
age. Staring three weeks later, 0.05 i-g/kg bw 2,3,7,8-TCDD was given weekly for
20 weeks, and animaIs were observed until the termnal killng at 52 weeks. No

significant increase was observed in liver tumours (all types) due to co-administration of
NDEA and 2,3,7,8-TCDD in C57BL/6 (NDEA alone, 4/28; NDEA + 2,3,7,8-TCDD,
6/32) or DBA/2 (NDEA alone, 6/28; NDEA + 2,3,7,8-TCDD, 10/39) mice. However,
2,3,7,8-TCDD did increase the incidence of liver tumours (aU types) as compared to
NDEA alone in B6D2Fl mice (NDEA alone, 7/33; NDEA + 2,3,7,8-TCDD, 17/33). Ths
increase was paricularly due to an increase in hepatoblastomas (NDEA alone, 1/33;
NDEA + 2,3,7,8-TCDD, 8/33) (Beebe et aL., 1995b). (The Working Group noted that
only one dose level of 2,3,7,8-TCDD was used in this study.)

(b) Rat

Groups of 4-7 female Sprague-Dawley rats, weighing 200-250 g, were subjected to
70% parial hepatectomy and 24 h later treated once with saline or 10 mg/kg bw NDEA
in saline by gastric instilation. Staring seven days later, the rats were given 0, 0.14 or
1.4 i-g/kg bw 2,3,7,8-TCDD by subcutaneous injection every two weeks for 28 weeks at
which time aH surviving rats were killed. There was an increase in the number and size
of focal and nodular hepatic lesions with 2,3,7,8-TCDD in the low- and high-dose
groups. Focal and nodular hepatic lesions were identified by y-glutayl transpeptidase
(GGT), canalicular adenosine trphosphatase (ATPase) and glucose-6-phosphatase

(G6Pase). The number of focal lesions was 309 :I 98 (NDEA alone), 34 :I 17 (low-dose
2,3,7,8-TCDD), 25 :I 7 (high-dose 2,3,7,8-TCDD), 1068 :I 166 (NDEA foUowed by low-
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dose 2,3,7,8-TCDD) and 871 :t 66 (NDEA followed by high-dose 2,3,7,8-TCDD). The
corresponding volume fractions of liver occupied by these lesions were 0.7, 0.2, 0.1, 9.0
and 43.0% (Pitot et al., 1980).

Female Fischer 344 rats (150-220 g) (number not stated) were subjected to a 70%
parial hepatectomy and given 10 mg/kg bw NDEA orally 24 h after the surgery. Staring
two weeks after surgery, the rats were given intramuscular injections of 0, 0.0014, 0.014,
0.14 or 1.4 Ilg/kg bw 2,3,7,8- TCDD in corn oil every two weeks for six months.
Treatment with 2,3,7,8-TCDD alone had virually no effect on the number or volume
fraction of altered hepatic foci. No effect on the number or volume fraction of focal
hepatic lesions was observed at the three lowest doses. Only the highest dose (0.1 Ilg/kg
bw per day) significantly increased the number and volume fraction of hepatic foci
(detected by GGT, ATPase and G6Pase) (approximately 10000 foci/iver with
NDEA + 2,3,7,8- TCDD compared with 4000 foci/iver with NDEA alone; volume
fraction approximately 2.8% with NDEA + 2,3,7,8-TCDD compared with 0.8% with
NDEA alone) (Pitot et aL., 1987).

Groups of 10 female Sprague-Dawley rats (140-160 g) were subjected to a 70%
parial hepatectomy and 24 h later were given a single intraperitoneal injection of
30 mg/kg bw NDEA. Staring one week later, the rats were given weekly subcutaneous
injections of the corn oil solvent or 2,3,7,8-TCDD (0.7 Ilg/kg bw) for 14 or 26 weeks.
Alternatively, some groups of rats were given a single loading dose (3.5 ¡.g/kg bw) of
2,3,7,8-TCDD at five weeks afer NDEA treatment or solvent in order to attain the same
total dose. These latter groups were then given a weekly maintenance dose of 0.7 Ilg/kg
bw 2,3,7,8-TCDD for nine or 21 weeks until killing. Focal hepatic lesions (detected by
GGT) were significantly increased with weekly administration of 0.7 Ilg/kg bw 2,3,7,8-
TCDD for 26 weeks. ln the group receiving a loading dose of 2,3,7,8-TCDD, the
percentage of liver occupied by hepatic foci was even greater than in the group treated
with the same cumulative dose (Flodström & Ahlborg, 1989). Using the same experi-
mental design, the influence of vitamin A deficiency upon the 2,3,7,8- TCDD response
was investigated. Vitamn A deficiency increased the mean volume fraction of foci
following NDEA + 2,3,7,8-TCDD treatment (Flodström et al., 1991).

Female Fischer 344 rats (130-220 g) were subjected to a 70% parial hepatectomy
and 24 h later were given a single gastric instilation of 10 mg/kg bw NDEA. Staring
two weeks later, nine rats were administered oil and four rats were given 0.14 ¡.g/kg bw
2,3,7,8-TCDD by subcutaneous injection every two weeks for six months. The number
and volume fraction of the liver occupied by focal hepatic lesions (detected by gluta-
thone S-transferase P (GSTP), GGT, ATPase, G6Pase) in the 2,3,7,8-TCDD-treated
group was significantly increased compared with controls. The numbers of focal hepatic
lesions per liver were 90 :t 30 (NDEA alone) and 14220 + 1340 (NDEA followed by
2,3,7,8-TCDD), while the volume fractions of liver were 0.14 :t 0.05% (NDEA alone)
and 1.23:t 0.11 % (NDEA followed by 2,3,7,8-TCDD) (Dragan et al., 1991).

Groups of 10-20 female Sprague-Dawley rats were subjected to a 70% parial hepa-
tectomy followed by a single intraperitoneal injection of 30 mg/kg bw NDEA. Staring
five weeks later, rats were given a loading dose of 0.22, 0.88 or 3.5 Ilg/kg bw 2,3,7,8-
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TCDD by subcutaneous injection followed by a weekly maintenance dose of one fifth of
the loading dose of 2,3,7,8-TCDD. One group received no 2,3,7,8-TCDD. The rats were
killed after 20 weeks of treatment. A significant increase in the percentage of liver
occupied by GGT -positive focal hepatic lesions was observed for all doses compared
with NDEA controls (approximately 0.15% in controls, 0.6% in the low-dose, 0.59% in
the mid-dose and 1.15% in the high-dose rats). A significant increase was seen in the
number of foci at all doses (approximately: low-dose, 5000; mid-dose, 4250, high-dose,
7500) as compared to NDEA alone (2000) (Waern et al., 1991).

Groups of nine female Sprague-Dawley rats, 70 days of age, were ovarectomized or
sham-operated and were given an intraperitoneal injection of saline or 200 mg/kg bw
NDEA. One week later, the rats were administered 2,3,7,8-TCDD in corn oil by
intragastric instilation biweekly to provide a daily dose of approximately 100 ng/kg bw
per day. The rats were killed after 30 weeks of 2,3,7,8-TCDD admnistration and GSTP-
and GGT -positive foci were examined. For the GGT -positive foci, the percentages of the
liver occupied by focI were 0.01 :t 0.01 (control), 0.01 :t 0.01 (2,3,7,8-TCDD alone),
0.3 :t 0.1 (NDEA alone) and 0.87 :t 0.06 (NDEA followed by 2,3,7,8-TCDD) in the
intact animaIs. ln the ovarectomized animaIs, the corresponding GGT -positive volume
fractions were 0, 0, 0.03 :t 0.01 and 0.08 :t 0.04. The percentages of liver occupied by
GSTP-positive foci were 0.04:t 0.02 (control), 0.02:t 0.01 (2,3,7,8-TCDD alone), 0.35 +
0.11 (NDEA alone) and 1.17 :t 0.26 (NDEA followed by 2,3,7,8-TCDD) in the intact
animaIs and 0.01 :t 0.01, 0.03 :t 0.01, 0.16 :t 0.05 and 0.57 :t 0.1 in the corresponding
groups of ovarectomized animals. There was a reduction in the volume fraction of liver
occupied by GSTP lesions in ovarectomized rats treated with NDEA alone and NDEA
followed by 2,3,7,8-TCDD (Lucier et aL., 1991).

Groups of 5-10 female Sprague-Dawley rats were subjected to a 70% parial hepa-
tectomy and administered oil vehicle or 10 mg/kg bw NDEA 24 h later by gastrc instil-
lation. Staring one week after the surgery, the rats were given biweekly subcutaneous
injections of 0.14 Jlg/kg bw 2,3,7,8-TCDD for one, thee or five months and either killed
or maintained for a further six months before killng. The percentages of lIver occupied
by focal hepatic les ions (asidentified by GSTP, GGT, ATPase and G6Pase) were 0.17 +
0.03 (NDEA alone) and 1.47 :t 0.19 (NDEA and 2,3,7,8-TCDD) at the end of the first
five months. The corresponding values in the group observed for an additional six
months were 2.00:t 0.27 (NDEA followed by 2,3,7,8-TCDD) and 1.35:t 0.16 (NDEA
alone, killed at the II-month time point) (Dragan et al., 1992).

Groups of 8-10 female Sprague-Dawley rats (70 days of age) were given a single
intraperitoneal dose of saline or 175 mg/kg bw NDEA. Staring two weeks later, these
rats were then administered an average of 0, 3.5, 10.7, 35.7 and 125 ng/kg bw 2,3,7,8-
TCDD biweekly in corn oil by gastrc instilation for 30 weeks and the number and
volume fraction of GSTP-positive foci were determed. Dose-related increases in the
number of foci per lIver and the volume percentage of lIver occupied by foci (as iden-
tified by GSTP) were found (see Table 43) (Maronpot et al., 1993).

Groups of 20 female Wistar rats (100 g) were admnistered doses of 10 mg/kg bw
NDEA in water py gastrc instilation on five consecutive days. Staring two weeks after
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NDEA administration, rats were treated with either corn oIl or 1.4 f.g/kg bw 2,3,7,8-
TCDD biweekly by subcutaneous injection. Focal hepatic lesions (detected by A TPase
deficiency) were quantitated at 9, 13 and 17 weeks for 4-8 rats per treatment group. ln
the control rats, the percentage of the liver occupied by foci was zero at all time points.
ln the group treated with NDEA alone, the percentages of liver occupied by foci were
0.025 :! 0.007 (at 9 weeks), 0.045 :! 0.017 (at 13 weeks) and 0.048 :! 0.018 (at 17 weeks).
ln the rats treated with 2,3,7,8-TCDD alone, the percentages of the lIver occupied by
ATPase-deficient hepatic foci were 0.030 :! 0.021 (at 9 weeks), 0.020 :! 0.011 (at 13

weeks) and 0.283 :! 0.211 (at 17 weeks). ln the NDEN2,3,7,8-TCDD-treated rats, the
percentages of liver occupied by foci were 0.043 :! 0.02 (at 9 weeks), 0.211 :! 0.065 (at
13 weeks) and 0.313 :! 0.215 (at 17 weeks) (Buchmann et aL., 1994).

Table 43. Induction of focal hepatic lesions in rats treated with
2,3,7,8-TCDD and/or NDEA

2,3,7,8-TCDD only + NDEA (175 mg/kg bw)

2,3,7,8-TCDD No. of foci Vol. % No. of foci Vol. %
dose (nglg
bw)

0 327 :t 418 0.01 :t 0.01 5748:: 3 923 0.57 :t 0.44
3.5 457:: 1 122 0.02 :: 0.05 10 552:t 7941 0.87 :t 0.40

10.7 447 :t 614 0.02 :t 0.03 Il 482 :t 8 879 1.00:t 0.16
35.7 1 533 :t 1 794 0.06 :: 0.11 7 157 :: 3952 0.93 :: 0.56

125 693 :t 921 0.04 :: 0.07 11 989 :t 6 798 2.23 :t 1.47

From Maronpot et aL. (1993)

Groups of five female Wistar rats (190-210 g) were given N-nitrosomorpholine

(80 mg/L) in the drinkng-water for 25 days. Staring two weeks later, the rats were given
biweekly subcutaneous injections of corn oIl or 2,3,7,8-TCDD for 13 weeks. The
calculated average daiy dose was 2, 20 or 200 ng/kg bw. The number and volume
fraction of hepatic focal les ions (ATPase-deficient) were increased following 13 weeks
of 2,3,7,8-TCDD admnistration at all doses. The numbers of hepatic focal lesions were
approximately 125/cm3 (control), 250/cm3 (low-dose 2,3,7,8-TCDD), 250/cm3 (mid-dose
2,3,7,8-TCDD) and 500/cm3 (high-dose 2,3,7,8-TCDD), while the corresponding volume
fractions were approximately 0.125% (control), 0.10% (low-dose 2,3,7,8-TCDD),

0.125% (mid-dose 2,3,7,8-TCDD) and 0.6% (high-dose 2,3,7,8-TCDD) (Schrenk et aL.,
1994a).

Groups of 6-15 female Sprague-Dawley rats, 21 days of age, were treated with
10 mgJg bw NDEA by intraperitoneal injection. After 30 days, rats were given either a
basal diet or the basal diet supplemented with 2,3,7,8-TCDD (150 ppt (ng/kg diet), equi-
valent to a daily dose of about 0.007 f.g/kg bw). Hepatic lesions were scored as ATPase-
deficient foci. A time-dependent increase was noted in the volume fraction of hepatic
foci in NDEA + 2,3,7,8-TCDD':treated rats (170 days afer NDEA, 2%; 240 days, 4%;



POL YCHLORIA TED DIBENZO-para-DIOXIS 213

450 days, 17%) as compared to NDEA alone (170 days, 0.6%; 240 days, 1.0%; 450 days,
4.0%). No hepatotoxicity was detected in any of the groups. Other rats were treated with
NDEA (as above) foHowed by phenobarbital (PB) in the diet (500 ppm) for 30-170 days,
at which time the rats were either retured to the basal diet or exposed to dietar 2,3,7,8-
TCDD (150 ppt; 0.007 llg/kg bw per day). There was a time-dependent increase in the
volume fraction of focal hepatic lesions, which was enhanced in the NDEA + PB +
2,3,7,8-TCDD group (240 days, 2%; 450 days, 13%) as compared to NDEA + PB (240
days, 1 %; 450 days, 4%). However, when comparng the groups given NDEA + PB +
2,3,7,8-TCDD and NDEA + 2,3,7,8-TCDD (240 days, 4%; 450 days, 17%), no

difference was seen. This suggests that phenobarbital does not enhance the A TPase-

negative foci caused by NDEA + 2,3,7,8-TCDD. (The Working Group noted that loss of
ATPase does not identify all possible preneoplastic lesions.) Hepatic tumours were
examned at 450 days after NDEA treatment. They were primarly eosinophilc and
expressed ras. The number of combined hepatocellular adenomas and carcinomas was
1/12 in the NDEA group, 5/15 in the NDEA + 2,3,7,8-TCDD group, 5/15 in the NDEA +
PB group and 6/15 in the NDEA + PB + 2,3,7,8-TCDD group (Sils et al., 1994).

The single and combined effects of 2,3,7,8-TCDD and 3,4,5,3',4'-pentachlorobi-
phenyl (PCB 126) were examined in groups of 10-15 female Sprague-Dawley rats.
Female rats (120-140 g) were subjected to a 70% parial hepatectomy and 24 h later
received an intraperitoneal injection of corn oil or 30 mg/kg bw NDEA. Five weeks later,
the rats were administered either PCB 126, 2,3,7,8-TCDD or a combination of the two,
as an initial loading dose (equivalent to five single doses) foHowed by weekly injections
for 19 weeks, at which time the rats were killed. Weekly doses of PCB 126 were 0,
0.316, 1,3.16 or 10 llg/kg bw, while those of 2,3,7,8-TCDD were 0.1, 0.316 or 1 Ilg/kg
bw. The doses of the combinations were 1 llg/kg bw PCB 126 plus 0.1 Ilg/kg bw 2,3,7,8-
TCDD, 3.16 Ilg/kg bw PCB 126 plus 0.316 llg/kg bw 2,3,7,8-TCDD and 10 Ilg/kg bw
PCB 126 plus 1 llg/kg bw 2,3,7,8-TCDD. The number and volume fraction of the liver
occupied by altered hepatic foci expressing GGT were increased with the highest dose of
PCB 126 (10 Ilg/kg bw per week), with the highest dose of 2,3,7,8-TCDD (1 Ilg/kg bw
per week), and with two of the combinations of PCB 126 with 2,3,7,8-TCDD (3.16 +
0.316 and 10 + 1 llglg bw per week of PCB 126 and 2,3,7,8-TCDD, respectively)
(Hemmng et al., 1995).

Groups of four female Wistar rats (120 g) were given gastric instilations of 10 mg/kg
bw NDEA in water daily for 10 days and were then allowed to recover for eight weeks.
One group of rats was given a single subcutaneous injection of 1.4 llg/kg bw 2,3,7,8-
TCDD ('acute'), while a second group received biweekly subcutaneous injections of
1.4 Ilg/kg bw 2,3,7,8-TCDD for 115 days ('chronic'). AH rats were killed 26 weeks afer
the star of NDEA treatment. The volume fraction of altered hepatic foci, identified as
GSTP-positive, was significantly increased in the 'chronic' 2,3,7,8-TCDD + NDEA
group (3.4%) as compared to NDEA alone (1.2%). There was no difference between the
'acute' 2,3,7,8-TCDD + NDEA group (1.7%) and the NDEA-alone group (1.2%)
(Stinchcombe et al., 1995).
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Groups of 7-11 female Sprague-Dawley rats given 0 or 175 mg/kg bw NDEA in
saline by intraperitoneal injection followed by biweekly treatment with 1.75 Jlg/kg bw
2,3,7,8- TCDD in corn oil by gastric instilation for 30 weeks. The percentages of the
liver occupied by focal hepatic lesions (detected by GSTP) were 0.01 :! 0.01 (non-
NDEA-treated controls at 30 weeks), 2.23 :! 1.47 (NDEA followed by 2,3,7,8-TCDD at
30 weeks), 0.32 :! 0.97 (non-NDEA-treated controls at 62 weeks) and 6.05 :! 4.3 (NDEA
followed by 2,3,7,8-TCDD for 30 weeks and a 32-week observation period). (The
Working Group noted that this study did not compare the NDEA/2,3,7,8-TCDD group to
an NDEA group not given 2,3,7,8-TCDD.) The incidence of liver neoplasms was
increased in the NDEA/2,3,7,8-TCDD group relative to the controls (5/7 and 0/11)
(Tritscher et al., 1995).

Dibenzo-para-dioxin

Oral administration

Mouse

Groups of 50 male and 50 female B6C3Fl mice, five weeks of age, were admi-
nistered 0 (control), 5000 (low-dose) or 10000 (high-dose) mg/kg of diet (ppm) dibenzo-
para-dioxin (purity, 99.5%) for 87 (high-dose males) or 90 (low-dose males and females,
high-dose females) weeks. AlI surviving male mice were killed at 92-97 weeks, and all
surviving female mice at 91-93 weeks. Mean body weights of the treated male and
female mice were slightly lower than those of the corresponding controls. Survival of
high-dose females was lower than that of the control and low-dose groups (p -c 0.001,
Tarone test). At week 90 of the study, 48/50 (96%), 50/50 (100%) and 46/50 (92%)
control, low-dose and high-dose males, respectively, were still alive; and 44/50 (88%),
44/50 (88%) and 27/50 (54%) control, low-dose and high-dose females, respectively,
were stil alive. Tumours were not induced in mIce of either sex at significantly higher
incidence in the treated groups than in the corresponding control groups (United States
National Toxicology Program, 1979a).

Rat

Groups of 35 male and 35 female Osborne-Mendel rats, five weeks of age, were
administered 0 (control), 5000 (low-dose) or 10000 (high-dose) mg/kg of diet (ppm)
dibenzo-para-dioxin (purity 99.5%) in the diet for 110 weeks. Mean body weights of the
treated male and female rats were lower that those of the corresponding controls. ln male
rats, survival in the control group was lower than in the treated groups (p = 0.011, Tarone
test). Survival of high-dose female rats was lower than that of the control and low-dose
groups (p = 0.007, Tarone test). At week 90 of the study, 24/35 control and 29/35 rats in
each treated group of males were still alive, and 32/35, 31/35 and 20/35 control, low-
dose and high-dose female rats, respectively, were stil a1ve. Tumours were not induced
in rats of either sex at significantly higher incidence in the treated groups than in the
corresponding control groups (United States National Toxicology Program, 1979a).



POL YCHLORINA TED DIBENZO-para-DIOXINS 215

2,7 -Dichlorodibenzo-para-dioxin (2,7- DCDD)

3.1 Oral administration

3.1.1 Mo use

Groups of 50 male and 50 female B6C3Fl mice, five weeks of age, were given 0
(control), 5000 (low-dose) or 10000 (high-dose) mg/kg of diet (ppm) 2,7-DCDD for 90
weeks. Three impurities with peak areas 3-6% of the major peak were detected by gas
chromatography. One was identified as trichlorodibenzo-para-dioxin. No 2,3,7,8-TCDD
was detected. All surviving male iice were killed at 92-101 weeks and all surviving
female mice at 91-98 weeks. Mean body weights of the male mice were unaffected by
adiinistration of the test chemical, whereas those of female treated iice were slightly
lower than those of the corresponding controls. Survival in male mice was unaffected by
treatment. Survival in high-dose female mice was significantly lower than that in control
and low-dose groups (p -( 0.001, Tarone test). At the end of the study, 48/50, 36/50 and
38/50 control, low-dose and high-dose males, respectively, were stil alive; and 45/50,
46/50 and 28/50 control, low-dose and high-dose females, respectively, were stil alive.
Treated male and female iice showed an increased incidence of focal necrosis of the
liver. The incidence of hepatocellular carcinomas in male mice was unaffected by
treatment: 4/49, 5/50 and 5/42 control, low-dose and high-dose iice, respectively.
However, the incidence of hepatocellular adenomas was 4/49, 15/50 and 12/42 in
control, low-dose and high-dose males, respectively. The incidence of hepatocellular
adenomas and carcinomas combined (8/49, 20/50 and 17/42) was significantly higher in
the treated groups than in the control group (p = 0.008, Cochran-Artage test for trend).
The incidences in the low- and high-dose groups were both significantly higher than that
in the control group (p = 0.008 and p = 0.010, respectively, Fisher's exact test). ln male
iice, the incidence of lymphoma or leukaemia was higher in the low-dose (6/50) than in
the control group (0/50) (p = 0.006, Fisher' s exact test). However, the incidence in the
high-:dose group (3/50) was not statistically different from that of controls. ln the female
iice, no tumours were observed at significantly higher incidence in the dosed groups
than in the corresponding controls (United States National Toxicology Program, 1979b).
(The W orking Group noted that the presence of thee impurities makes it impossible to
ascribe the observed carcinogenic effect specifically to the 2,7-dichloro congener.)

3.1.2 Rat

Groups of 35 male and 35 female Osborne-Mendel rats, five weeks of age, were given
o (control), 5000 (low-dose) or 10000 (high-dose) ppm 2,7-DCDD in the diet for 110
weeks. Three impurties with peak areas 3-6% of the major peak were detected by gas
chromatography. AlI surviving male rats were killed at 110-112 weeks, and all surviving
female rats at 110-117 weeks. Mean body weights of the dosed groups were lower that
those in the corresponding controls. Surival was not significantly affected by
administration of2,7-DCDD. At week 78 of the study, 30/35, 26/35 and 29/35 control,
low-dose and high-dose males, respectively, were still alive; and 33/35, 30/35 and 28/35
control, low-dose and high-dose females, respectively, were stil alive. Toxic hepatic
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lesions characterized by centrilobular fatty metamorphosis (33-48%) and/or necrosis (6-
20%) were observed in both low- and high-dose rats. Tumours were not induced in rats
of either sex at significantly higher incidence in the dosed groups than in the corres-
ponding control groups (United States National Toxicology Program, 1979b)

3.2 Administration with known carcinogens

Skin

Mouse: Groups of 20 female HRS/J hairless (hr/hr) mice, five to eight weeks of age,
were treated with single skin applications of 0 or 5 f.mol (0.75 mg) per animal MNNG in
50 iiL acetone followed by 20 f.glanimal 2,7-DCDD in 50 f.L acetone twice weeldy for
20 weeks. A control group of 20 mice was given acetone followed by 10 ng/animal

2,3,7,8-TCDD. Skin tumours developed in 0/19 mice treated with MNNG plus 2,7-
DCDD and in 0/20 mice treated with 2,7-DCDD alone (Poland et al., 1982).

1,2,3,6,7,8- Hexachlorodibenzo-para-dioxin and 1,2,3,7 ,8,9-hexachlorodibenzo-para-
dioxin (mixture) (HxCDD)

3.1 Oral administration

3.1.1 Mouse

Groups of 50 male and 50 female B6C3Fl mice, six weeks of age, were administered
HxCDD (purty, 98.6%; 31% 1,2,3,6,7,8-HxCDD and 67% 1,2,3,7,8,9-HxCDD of the
total HxCDD content), suspended in a vehicle of 9 : 1 corn oil-acetone, by gastric instil-
lation twice a week for 104 weeks at doses of 1.25 (low), 2.5 (mid) or 5 (high) f.g/kg per
week for male mice and 2.5 (low), 5 (mid) or 10 (high) f.g/kg per week for female mIce.
Groups of 75 mice of each sex served as vehicle controls and 50 mice of each sex as
untreated controls. AlI surviving animaIs were killed at 105-108 weeks. The mean body
weights and survival in the treated groups were similar to those of the vehicle-control
groups. At the end of the study, 32/50, 38/75, 29/50, 26/50 and 23/50 untreated control,
vehicle-control, low-, ITd- and high-dose male mIce, respectively, were stil alive; for
females, the corresponding numbers were 36/50, 58/75, 31/50, 33/50 and 36/50 animaIs.
ln males, hepatocellular adenomas occurred at increased incidence in the high-dose
group (7/73, 5/50, 9/49 and 15/48 vehicle-control, low-, mid- and high-dose mIce,

respectively; p = 0.003, Fisher's exact test). There was no significant increase in the
incidence of hepatocellular carcinomas (8/73, 9/50, 5/49 and 9/48). ln females,

hepatocellular adenomas occurred at incidences that were dose-related (2/73, 4/48, 4/47
and 9/47 in the vehicle-control, low-, mid- and high-dose mice, respectively; p = 0.002,
Cochran-Artage test for trend); the incidence in the high-dose group was significantly
higher (p = 0.003, Fisher's exact test) than that in the corresponding vehicle-control

group. Hepatocellular carcinomas were found in 1/73, 0/48, 2/47 and 2/47 females, res-
pectively (United States National Toxicology Program, 1980a). (The Working Group
noted that it is unlikely that the impurities consisting of varous polyhalogenated

dibenzo-para-dioxins were responsible for the observed carcinogenic effects.)
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3.1.2 Rat

Groups of 50 male and 50 female Osborne-Mendel rats, six weeks of age, were
administered HxCDD (purity, 98.6%; 31% 1,2,3,6,7,8-HxCDD and 67% 1,2,3,7,8,9-
HxCDD of the total HxCDD content), suspended in a vehicle of 9 : 1 corn oil-acetone,
by gastric instilation twice a week for 104 weeks at doses of 1.25 (low), 2.5 (mid) or 5
(high) Ilglkg per week. Groups of 75 rats of each sex served as vehicle controls and 50
rats of each sex as untreated controls. All surviving animaIs were killed at 105-108
weeks. A dose-related depression in mean body weight was seen in both sexes. At the
end of the study, 24/50, 29/75, 18/50, 19/50 and 19/50 untreated control, vehicle control,
low-, mid- and high-dose rats, respectively, were stil alive; for females, the corres-
ponding numbers were 33/50, 39/75, 36/50, 36/50 and 37/50 animaIs. ln male rats,
hepatic neoplastic nodules occurred at incidences that were dose-related (0/74, 0/49, 1/50
and 4/48 in the vehicle-control, low-, mid- and high-dose groups, respectively (p = 0.003,
Cochran-Artage test for trend). No hepatocellular carcinomas occurred in males. ln
female rats, hepatic neoplastic nodules occurred at incidences that were dose-related
(5/75, 10/50, 12/50 and 30/50 in the vehicle-control, low-, mid- and high-dose groups,
respectively; p -( 0.001, Cochran-Artage trend test); the incidences in the mid- and
high-dose groups were significantly higher (p = 0.006 and p -( 0.001, respectively,
Fisher' s exact test) than that in the corresponding vehicle-control group. ln addition, four
high-dose females had hepatocellular carcinomas (United States National Toxicology
Program, 1980a). (The Working Group noted that it is unlikely that the impurities
consisting of varous polyhalogenated dibenzo-para-dioxins were responsible for the
observed carcinogenic effects.)

3.2 Skin application

Mouse: Groups of 30 male and 30 female Swiss-Webster mIce, six weeks of age,
received skin applications on the clipped back of O.Olllg/animal HxCDD (purity, 98.6%;
31 % 1,2,3,6,7,8-HxCDD and 67% 1,2,3,7,8,9-HxCDD of the total HxCDD content) sus-
pended in 0.1 mL acetone on thee days per week for 104 weeks. During the first 16
weeks, doses were 0.005 Ilg/animal per application. As vehicle controls, 45 mice of each
sex received 0.1 mL of acetone three times per week. Th anmals of each sex served
as untreated controls. HxCDD treatment did not affect mean body weights or surival in
either sex. At week 60 of the study, 23/30, 30/45 and 25/30 untreated control, vehicle-
control and HxCDD-treated males, respectively, were stil alive; and 28/30, 43/45 and
24/30 untreated control, vehicle-control and HxCDD-treated females, respectively, were
still alive. ln male mice, the incidence of alveolarlbronchiolar carcinomas in the group
administered only HxCDD was significantly higher (5/30; p = 0.045, Fisher's exact test)
than that in the vehicle controls (1/41), but simlar to that in untreated controls (4/28). ln
male mice, the incidence of lymphomas or leukaemIas was significantly lower (0/30;
p = 0.011) than that in untreated controls (6/29). ln female mice, the incidence of fibro-
sarcomas of the integumenta system was significantly higher in anmals admnistered
HxCDD (4/27; p = 0.044, Fisher's exact test) than that in untreated controls (0/30).
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However, the incidences were not significantly elevated compared with those of the
vehicle controls (2/41) (United States National Toxicology Program, 1980b).

1,2,3,7,8-Pentachlorodibenzo-para-dioxin (1,2,3,7,8- PeCD D)

Administration with known carcinogens

Liver

Rat: Waern et al. (1991) analysed the GGT-positive foci in groups of 10-20 female
Sprague-Dawley rats subjected to a 70% parial hepatectomy followed by single intra-
peritoneal injection of 30 mg/kg bw NDEA and 1,2,3,7,8-PeCDD. Five weeks after
NDEA administration, a loading dose of 1,2,3,7,8-PeCDD consisting of five times the
weekly maintenance dose in each treatment group was given by subcutaneous injection.
Weekly maintenance doses of 0.088, 0.35 and 1.4 Jlg/kg bw 1,2,3,7,8-PeCDD per week
were then given for 20 weeks. The rats were killed at the end of the treatment. A signi-
ficant increase in the percentage of liver occupied by GGT -positive focal hepatic lesions
was observed for aIl doses of 1,2,3,7,8-PeCDD (approximately: low-dose, 0.35%; mid-
dose, 0.7%; high-dose, 1.6%) compared with NDEA alone (0.15%). A significant
increase in the number of foci per liver was also seen in the two highest-dose groups
(approximately: low-dose, 2750; mid-dose, 5000; high-dose, 10 250) compared with
NDEA alone (2000).

1,2,3,4,6,7,8- Heptachlorodibenzo-para-dioxin (1,2,3,4,6,7,8- HpCDD)

Administration with known carcinogens

Liver

Rat: Groups of 4-8 female Wistar rats (100 g) were given five doses of 10 mg/kg bw
NDEA in water by gastric instilation. Staring two weeks later, rats were treated with
either corn oil solvent or 70 Jlg/kg bw 1,2,3,4,6,7,8-HpCDD biweekly by subcutaneous
injection. The development of focal hepatic lesions was determned at 9, 13 and 17
weeks. ATPase-deficient lesions were quantitated and the GSTP-positive focal popu-
lation was used to determne focal proliferation rates from pulse labellng with bromo-
deoxyuridine (BrdU) before sacrifice. The numbers of A TPase-deficient lesions were
619:: 113 (at 9 weeks), 551 :: 158 (at 13 weeks) and 1691 :: 652 (at 17 weeks) per cm3 in
the NDEA-treated rats given 1,2,3,4,6,7,8-HpCDD. The corresponding numbers in the
groups given 1,2,3,4,6,7,8-HpCDD but no NDEA were 63 :: 35 (at 9 weeks), 87 :: 16 (at
13 weeks) and 120 :: 30 (at 17 weeks) per cm3. The percentage volume fractions of
ATPase-deficient lesions were 0.093 :: 0.38 (at 9 weeks), 0.091 :: 0.037 (at 13 weeks)
and 0.76:: 0.40 (at 17 weeks) (Buchmann et al., 1994).

Groups of five female Wistar rats (190-210 g) were given N-nitrosomorpholine

(80 mg/L) in the drng-water for 25 days. Staring two weeks later, the rats were given
biweekly subcutaneous injections of corn oil or 1,2,3,4,6,7,8-HpCDD for 13 weeks. The
ca1culated average daily doses were 100, 1000 or 10000 ng/kg bw. The number and
volume fraction of ATPase deficient lesions were assessed following 13 weeks of admi-
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nistration. The numbers of ATPase-deficient hepatic foci were approximately 125/cm3
(controls), 450/cm3 (low-dose), 250/cm3 (mid-dose) and 500/cm3 (high-dose), while the
corresponding percentage volume fractions were approximately 0.125 (control), 0.25
(low-dose), 0.125 (mid-dose) and 0.9 (high-dose) (Schrenk et al., 1994a).

Defined mixture of 49 polychlorinated dibenzo-para-dioxins (PCDDs)

Administration with known carcinogens

Liver

Rat: Groups of five female Wistar rats (190-210 g) were given N-nitrosomorpholine
(80 mg/L) in the drinkng-water for 25 days. Staring two weeks later, the rats were given
biweekly subcutaneous injections of corn oil or a defined mixture of 49 PCDDs for
13 weeks at 200 ng, 2000 ng or 20 000 ng PCDD/kg. The number and volume fraction of
A TPase-deficient lesions were assessed foUowing 13 weeks of administration. The
numbers of ATPase-deficient hepatic foci were approximately 125/cm3 (controls),
125/cm3 (200 ng/kg), 300/cm3 (2000 ng/kg) and 800/cm3 (20000 ng/kg), while the
corresponding percentage volume fràctions were 0.125 (control), 0.2 (200 ng/kg ), 0.25
(2000 ng/kg) and 0.75 (20000 ng/kg) (Schrenk et al., 1994a).

4. Other Data Relevant to an Evaluation of Carcinogenicity

and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humans

The kinetic data on PCDDs have been reviewed (OIson, 1994).
ln aU vertebrate species studied so far, the 2,3,7,8-substituted PCDDs are almost

exclusively retained in aU tissue types, paricularly fat and liver (Van den Berg et al.,
1994) .

The penetration of 2,3,7,8- TCDD into human skin in vitro has been studied (Weber
et al., 1991a). At a dose level of 6.5 ng/cm2 and using acetone as the vehicle, the absorp-
tion rate was about 5 pg!cm2 per hour. When mineraI oil was used as the vehicle, the
absorption rate was about 1 pg!cm2. These values represent a low rate of skin penetration.
The stratum comeum appears to act as a reservoIr.

The absorption and elimination kinetics of 2,3,7,8-TCDD were investigated in a 42-
year-old male volunteer weighing 92 kg who ingested 105 ng (l,6-3H)2,3,7,8-TCDD
(13.0 JlCi) (Poiger & Schlatter, 1986); ~ 87% was absorbed and 11.5% of the dose was
excreted in the faeces within thee days, representing non-absorbed 2,3,7,8-TCDD.

Thereafer, the daily faecal excretion amounted to 0.03% of the dose. Based on analytical
results in adipose tissue obtained by biopsy and faecal samples from up to 125 days after
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dosing, an elimination half-life of 5.8 years was calculated. The data were compatible
with first-order elimination kinetics. The maximal excretion of unmetabolized 2,3,7,8-
TCDD in the faeces was 50% (Wendling et al., 1990b). ln a follow-up of this experiment
up to five years after dosage, an elimination half-life of 9.7 years was determned
(Schlatter, 1991).

ln a study of 36 Viet Nam veterans of Operation Ranch Hand (see Section 1.3.1(a)(i),
(a)(ii)), the decline in serum levels of 2,3,7,8-TCDD indicated a half-life of 7.1 years
(Pirkle et al., 1989). ln a follow-up examnation of 337 Ranch Hand veterans in 1994, a
half-life of 11.3 years was found (Wolfe et al., 1994). ln a 10-year follow-up study of
these Ranch Hand veterans, a half-life estimate of 8.7 years with a 95% Ci of 8.0-9.5
years was determned. Half-life increased significantly with increasing body fat, but not
with age or relative changes in the percentage of body fat (Michalek et al., 1996).

ln a group of 48 workers who were exposed to varous PCDDs and PCDFs in a herbi-
cide-producing plant, Boehrnger Ingelheim, AG, in Hamburg, Germany (see Section
1.3. 1 (a)(i)), a median half-life of 7.2 years was calculated for 2,3,7,8-TCDD (Flesch-
Janys et aL., 1996).

ln another study with 243 workers exposed to 2,3,7,8-TCDD in a reactor accident in a
plant of BASF, AG, Ludwigshafen, Germany, estimated half-lives of 5.1 and 8.9 years
were determned for individuals with 20% or 30% body fat, respectively (Ott & Zober,
1996) .

ln infants, less than 10% of ingested 2,3,7,8-TCDD is excreted in the faeces (Körner
et al., 1993; Abraham et al., 1994; Dahl et al., 1995).

When expressed on a total tissue lipid basis, 2,3,7,8- TCDD is distributed equally in
the liver and adipose tissue or in the blood and adipose tissue (Leung et aL., 1990).

Mammalian (inc1uding human) data have been used to formulate kinetic models that
have a broad applicabilty for any pattern of exposure from background to highly toxic
levels. Relationships between 2,3,7,8-PCDD congener concentrations in adipose tissue
and varations in the proportion of such tissue-were established that indicate a need for
caution in clearance rate measurements based solely on tissue lipids (Carer et aL.,
1995a,b; Van der Molen et al., 1996).

There is a paucity of data on other PCDD congeners. Preliminar kinetic data, based
on questionable analytical methods applied to fat samples from one individu al exposed to
technical pentachlorophenol, were derived for hexa-, hep ta- and octa-CDDs (Górski
et al., 1984). Half-lives of 3.2-5.7 years were calculated. Flesch-Janys et aL. (1996)
reported median half-lives for six PCDD congeners from 3.7 years (1,2,3,4,6,7,8-
HpCDD) to 15.7 years (1,2,3,7,8-PeCDD) in a group of 48 occupationally exposed indi-
viduals (see above). Comparson of daily intakes and body burdens of individual con-
geners with the corresponding data for 2,3,7,8-TCDD yielded estimated elimination half-
lives of about five years for 1,2,3,7,8-PeCCD, 15 years for 1,2,3,4,7,8-HxCDD, 25 years
for 1,2,3,4,6,7,8-HpCDD and 50 years for OCDD (Schlatter, 1991).
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4.1.2 Experimental systems

(a) Absorption

Absorption across the gastrointestinal mucosa depends on the vehicle and on the
molecular size and solubilty of the congener. These factors seem to be most significant
for the hep ta- and octa-CDDs. There appear to be only minor differences in absorption
between rodent species (Van den Berg et al., 1994). Single-dose exposure studies with
2,3,7,8- TCDD showed 70-90% absorption from the gastrointestinal tract in rats,
hamsters and guinea-pigs (Piper et al., 1973; Allen et al., 1975; Rose et al., 1976; OIson
et al., 1985; Decad et al., 1990), whereas less than 50% gastrointestinal absorption was
found in female C57BL/6J and male ICR/a Swiss mouse strains (Koshaki et al., 1984;
Curtis et al., 1990). When 2,3,7,8-TCDD was administered in the diet to rats for up to six
weeks, absorption was only 50-60% (Fries & Marow, 1975) compared with 70%
following a single dose in corn oil (Piper et aL., 1973). No significant influence of age
was found for gastrointestinal absorption of 2,3,7,8-TCDD in rats (Hébert & Bimbaum,
1987). Absorption of 1,2,3,7,8-PeCDD is in the same range as that of 2,3,7,8-TCDD
(Yoshimura et aL., 1986; Brewster & Bimbaum, 1987). The only other PCDD congener
of which the gastrointestinal absorption has been studied in some detail is OCDD; only
2-15% of a single oral dose was taken up by rats (Bimbaum & Couture, 1988). For
metabolites of 2,3,7,8-TCDD, it has been shown that enterohepatic circulation is not
significant in the rat (Ramsey et al., 1982).

The uptake of PCDDs by dermal permeation and pulmonar absorption is much more
limited than uptake after oral ingestion (Nessel et aL., 1992; Dilberto et aL., 1996). For
2,3,7,8-TCDD, dermal permeation is strongly dose-dependent in rats (Banks et al.,
1990). Uptake from the application site is slow but also depends on the vehicle used and
shows a good inverse correlation with the octanol-water partition coefficient (Brewster
et al., 1989; Banks & Bimbaum, 1991; Jackson et al., 1993). The bioavailabilty after
dermal exposure is probably less than 1 % for aH congeners (Van den Berg et aL., 1994).

The adsorption of PCDDs on varous environmental matrices can lead to a significant
reduction in bioavailabilty, which depends strongly on the properties of the paricles
(Nessel et al., 1992; Van den Berg et aL., 1994). On the basis of a number of studies with
rodents, a bioavailabilty for PCDDs from soil of 25-50% was suggested for the C14-C16
congeners, while 10% was proposed for the Ci? and Cls congeners. For combustion
particles (fly ash), a bioavailabilty of 5-20% was proposed as a realistic estimate for
PCDDs, ths being high for the hepta- and octa-chlorinated PCDDs (Van den Berg et aL.,
1994) .

(b) Body distribution

ln all rodent species, the lIver and adipose tissue are the major storage sites for
PCDDs. However, in certin species, the skin can also act as an important storage site
and high concentrations can be found in adrenals. Most detailed information is available
for 2,3,7,8-TCDD, but reasonable quantities of data are available to support this primar
tissue distrbution in rodents for the higher chlorinated congeners. Long retention in
tissues is caused primarly by the steric hindrance towards cytochrome P450 activity
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caused by chlorine atoms on the 2,3,7,8 positions, resulting in limited metabolism (Van
den Berg et al., 1994). Sorne tissue retention has been observed for certain non-2,3,7,8-
substituted PCDDs in rodents and monkeys (Abraham et al., 1989; Neubert et al.,
1990a), but the levels should not be considered as toxicologically relevant. Transport in
the blood occurs through binding to plasma lipids and lipoproteins, with increasing affi-
nit y found for the higher chlorinated congeners in the plasma proteins (Patterson et al.,
1989; Schecter et al., 1990h). The majority of 2,3,7,8-TCDD is bound to very low-
density lipoprotein, followed by low-density lipoprotein and high-density lipoprotein
(Marnovich et al., 1983).

Depending on the experimental conditions, 25-70% of the administered dose of
2,3,7,8-TCDD is stored in the liver of rats, mice, hamsters and guinea-pigs appro-
ximately one day after exposure. Studies with mixtures of PCDDs showed that in rodents
the Cls and C16 congeners have higher hepatic retention than 2,3,7,8-TCDD (Van den
Berg et al., 1994). As a result, the liver to adipose tissue concentration ratio strongly

increases with increasing chlorination. Measurement of tritiated 2,3,7,8-TCDD admi-
nistered in corn oil by gastric instilation to adult female rhesus monkeys, infant male
rhesus monkeys and young adult male Sprague-Dawley rats indicated that liver retention
of the dose was ;: 40% in rats, but .. 10% in the rhesus monkeys. A large percentage of
the dose was located in monkey tissues with a high lipid content, especially the skin,
muscle and adipose tissue. ln the rats, these tissues had much lower levels of 2,3,7,8-
TCDD (Van Miler et aL., 1976). Differences in liver to adipose tissue ratio between rats
and marosets (Callthrixjacchus) have been observed (see Figure 2) (OIson, 1994).

Figure 2. The liver-to-adipose tissue ratios for 2,3,7,8-substituted PCDDs and
PCDFs in marmosets and rats
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Hepatic disposition of 2,3,7,8-TCDD is dose-dependent (Kociba et aL., 1978;
Abraham et al., 1988); this has been suggested to be caused by the presence in the liver
of inducible protein binding sites, at least in mice (Poland et al., 1989). As a possible
mechanism, binding to CYPIA2 in the liver has been proposed (Voorman & Aust, 1987;
Pol and et al., 1989; Voorman & Aust, 1989). ln rats, 2,3,7,8-TCDD was equaHy distr-
buted between hepatic P9 (mitochondrial, lysosomal, nuclear) and S9 (cytosol and
micros omal) fractions, localization in the S9 being in microsomes. ln extrahepatic tissues
(lung/kdneys), 2,3,7,8-TCDD was concentrated in the P9 fraction, while in the S9
fraction localization was in the cytosol. Use of CYPIAI and CYPIA2 immunoreactive
proteins and measurement of marker enzyme activities, ethoxyresorufin O-deethylase
and methoxyresorufin O-demethylase, respectively, showed that CYPIAI was induced
in microsomes of aH three organs, while CYPIA2 was induced only in liver
(Santostefano et aL., 1996). However, the role of other dioxin (inducible) hepatic binding
proteins cannot be excluded (Landers et al., 1990; Buckley-Kedderis et al., 1992;
Tritscher et al., 1992; Van den Berg et al., 1994).

Pre- and postnatal transfer of PCDDs has been studied in rats and mice. Lactational
transfer was found to be one or two orders a magnitude higher than placental transfer in
these rodents (Nau & Bass, 1981; Weber & Birnbaum, 1985; Nau et al., 1986; Van den
Berg et al., 1987; Li et al., 1995a). The level of placental transfer depends on the

molecular size, with the highest fetal retention observed for 2,3,7,8-TCDD (Van den
Berg et al., 1987). ln the mouse embryo, the liver is the major storage site, with two to
five times higher concentrations than those found in other tissues (Nau & Bass, 1981;
Krowke & Neubert, 1990). ln contras t, there is no evidence for hepatic concentration in
the fetal rat liver. From a quantitative point of view, lactational transfer in marosets and
rhesus monkeys is also more important than placental transport, but placental transport in
marosets can result in significant accumulation in fetal tissues (Hagenmaier et al.,
1990b; Krowke et aL., 1990). On the basis of studies with complex mixtures of PCDDs
and PCDFs, it appears that these compounds are mobilized primarly from adipose tissue
and not from the liver in rats (Van den Berg et al., 1987). ln marosets, lactational
transfer can lead to concentrations in the tissues of offspring that are equal to or higher
than those found in maternaI tissues. ln both rats and marosets, lactational transfer
decreases with increasing number of chlorine atoms in the PCDD molecule (Van den
Berg et al., 1987; Krowke et aL., 1990).

(c) Metabolism

The metabolism of PCDDs has been studied primarly in rodents. ln rats, oxidation by
P450 occurs preferentially at the lateral, 2, 3, 7 and 8 positions, yielding primarly mono-
and dihydroxylated metabolites. Furhermore, sulfur-containing metabolites have been
identified, which probably arose through glutathione conjugation (Tulp & Hutzinger,
1978). Studies with 2,3,7,8-TCDF in rats suggest that CYPIAI is directly involved in
phase 1 metabolism of these compounds and not CYPIA2 (Tai et al., 1993). If all of the
2, 3, 7 and 8-positions are substituted with chlorine atoms, metabolic conversion of the
molecule is strongly hindered. Recent quantum-mechanical calculations determning
highest occupied molecular orbital (HOMO) energy levels for the dibenzo-para-dioxin
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molecule have confired the higher susceptibility for epoxidation of the 2-3 or 7-8 posi-
tions in the molecule (Weber et al., 1996). Although 2,3,7,8- TCDD is highly resistant
towards biotransformation, small amounts of metabolites have been identified in rats and
dogs. Metabolic transformation inc1uded oxidative and reductive dechlorination, inc1u-
ding NIH shifts (shift of a chlorine substituent). ln addition, oxygen bridge c1eavage was
found to be another important pathway (Poiger & Schlatter, 1979; Ramsey et al., 1982;
Poiger & Buser, 1984; Huwe et al., 1996). Conjugation appears to be important for the
elimination of PCDDs froID the body, as many 2,3,7,8-TCDD metabolites were present
as glucuronide conjugates in the bile of the rat (Poiger & Buser, 1984; Wroblewski &
OIson, 1985; Huwe et al., 1996). From a qualitative point of view, metabolIc pathways
are fairly similar among rodent species, but large quantitative differences can be

observed (Van den Berg et aL., 1994; Larsen et al., 1996). Guinea-pigs show a lower
metabolic capacity than rats, Syrian hamsters and mice (Wroblewski & OIson, 1985).
Limited information is available about the metabolic conversion of higher chlorinated
2,3,7,8-substituted PCDDs, but it can be expected that pathways wil be similar to those
for 2,3,7,8-TCDD, provided that susceptible positions are not sterically hindered by addi-
tional chlorines. ln Figure 3, a generalized scheme of metabolic pathways for PCDDs is
given (Van den Berg et al., 1994).

(d) Excretion

The elimination of PCDDs has been studied in several laboratory species under a
varety of experimental conditions (Van den Berg et al., 1994). After exposure, the
compounds are usually more rapidly eliminated from blood and muscle tissue than from
liver and adipose tissue. ln sorne species, such as primates, elimination from the skin is
similar to that from the adipose tissue (Bimbaum et al., 1980; Brewster & Birbaum,
1987; Brewster et al., 1988, 1989). For most body comparments, the elimination of
2,3,7,8-substituted PCDDs can be described by a one-comparment open model (Hiles &
Bruce, 1976; Rose et al., 1976), but models with two- or three-phase elimination have
also been applied. ln view of the non-linear distribution of PCDDs in many expenmental
systems, the use of physiologically based pharacokinetic models has been successfully
applied (Carer et al., 1995a,b). ln almost aU laboratory species which have been

studied, elimination takes place through bile and faeces in the form of hydroxylated or
conjugated metabolites that are rapidly eliminated from the body (Van den Berg et aL.,
1994). Guinea-pigs seem to be an exception among rodents, as this species eliminates
2,3,7,8-TCDD more than its polar metabolites (OIson, 1986).

For 2,3,7,8-TCDD, whole body half-lives in the rat have been reported to range
between 17 and 31 days, depending on the strain and experimental conditions used. Most
studies with rodents have found similar elimination rates from the Ii 

ver and adipose
tissue for 2,3,7,8-TCDD (Piper et al., 1973; Allen et al., 1975; Fries & Marow, 1975;
Rose et al., 1976; Abraham et aL., 1988, 1989; Pohjanvirt et aL., 1990a). ln rats,
lactation is a very effective route of elimination of 2,3,7,8-TCDD, leading to a 50%
reduction of the half-life from the liver (Abraham et al., 1988; Korte et al., 1990). The
half-life of 1,2,3,7,8-PeCDD elimination in the rat is approximately 30 days, whIch is
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Figure 3. A generalized scheme of pathways for the biotransformation of PCDDs
based on the information from mammalian studies in vivo
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similar to that of 2,3,7,8-TCDD (Wacker et al., 1986). However, with more chlorine
atoms present in a 2,3,7,8-substituted PCDD, elimination is much slower. For the C16-Clg
congeners, half-lives between 75 days and seven years have been calculated for the rat
(Birnbaum & Couture,1988; Van den Berg et al., 1989a, 1994). ln the mouse, half-lives
for 2,3,7,8-TCDD are in the same range as those in the rat, but there are distinct strain
differences (Gasiewicz et al., 1983; Birnbaum, 1986). Thus, the half-life of 2,3,7,8-
TCDD in the non-responsive DBA strain is approximately twice as long as that in the
responsive C57BL straIn (Gasiewicz et al., 1983). ln the Syrian hamster, the half-life of
2,3,7,8-TCDD is two- to three-fold lower than in the rat (OIson et al., 1980). Although
this faster elimination of 2,3,7,8-TCDD in the Syrian hamster might contribute to the
relative insensitivity of this species towards acute toxicity, it can be assumed that the
100-fold difference in sensitivity between Syrian hamsters and other rodents is
dominated more by genetic background than kinetics (Van den Berg et aL., 1994). The
half-life of 2,3,7,8-TCDD elimination in guinea-pigs has been estimated as 30 days (I.e.,
the same as in rats) (Gasiewicz & Neal, 1979) and 94 days (OIson, 1986). No clear
reason for the discrepancy was discovered.

The half-life of 2,3,7,8-TCDD is much longer in primate species than in rodent
species. ln seven adult female rhesus monkeys, an average half-life of about 391 days
was determned after four years of dietar exposure to 25 ng/kg di et (0.67 ngJkg bw/day).
Lactation during four months resulted in a 21 % decrease of the maternaI body burden.
During the first year after birh, the half-life of 2,3,7,8-TCDD in breast-fed rhesus

monkeys was approximately 181 days, which was significantly lower than that observed
in the mothers (Bowman et al., 1989). ln marosets, longer half-lives for the 2,3,7,8-
substituted PCDDs than in rodents were also observed. ln liver and adipose tissue, half-
lives from eight weeks up to several years were measured (Neubert et aL., 1990a).

During pregnancy, elimination from the dam is approximately twice as fast as in the
non-pregnant female (Weber & Bimbaum, 1985).

(e) Kinetics and toxicity

Kinetics to sorne extent influence the toxicity of individual PCDD and PCDF con-
geners. This was ilustrated in experiments with B6C3Fl mice dosed with 2,3,7,8-TCDD
or 2,3,7,8-TCDF, in which CYPIAI activity was found to depend on the time period to
acquire a steady-state situation (DeVito & Birbaum, 1995). ln addition, total body fat
content in varous species and strains of laboratory anmaIs may contribute to some of
the observed differences in species sensitivity for 2,3,7,8-TCDD (Geyer et aL., 1990).
However, the available data seem to imply that kinetics are not a goveming factor
influencing the toxicity of these compounds, but genetic factors seem to predominate
(Van den Berg et aL., 1994).
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4.2 Toxic effects

4.2.1 Humans

Human exposure to 2,3,7,8-TCDD has been associated with many toxic effects other
than cancer. The majority of these effects has been reported among occupationally

exposed groups, such as chemical production workers, pesticide users and individu aIs
who handled or were exposed to materials treated with 2,3,7,8-TCDD-contaminated
pesticides, and among residents of areas contaminated with tainted waste oil and
industrial effluent. These effects represent a complex network of responses ranging from
changes in hepatic enzyme levels to observable alterations in the character and physio-
logy of the sebaceous gland, as in chloracne. The W orking Group noted that populations
are exposed to a varety of chemicals and for sorne outcomes, it is difficult to separate the
effects of the combined exposures. More comprehensive descriptions of studies cIted in
this section are included in other sections of this monograph (Taylor, 1979; Calvert et aL.,
1992).

(a) Chloracne and other effects on the skin
Chloracne is a persistent acneiform condition characterized by comedones, keratin

cysts and inflamed papules with hyperpigmentation and an anatomical distribution
frequently involving the skin under the eyes and behInd the ears. It occurs after acute or
chronic exposure to a varety of chlorinated aromatic compounds by skin contact,
ingestion or inhalation (Crow, 1978; Moses & Prioleau, 1985). This acne-like condition
is reported to have occurred with or without other effects in at least a few workers after
aIl reported accidents at TCP production facilities (Ashe & Suskind, 1950; Goldman,
1972; May, 1973; Zober et aL., 1990), among individuals involved in daily production of
2,3,7,8-TCDD-contamInated products (Bleiberg et al., 1964; Poland et al., 1971;

Pazderova-Vejlupkova et al., 1981; Moses et al., 1984; Suskind & Hertzberg, 1984;

Moses & Prioleau, 1985; Bond et al., 1989b), among three laboratory workers exposed to
pure 2,3,7,8-TCDD (Oliver, 1975) and among at least 193 (0.6%) Seveso residents,
mostly children (at least 20% among children aged 0-14 years from Zone A) (Reggiani,
1978; Caramaschi et al., 1981; Ideo et aL., 1985; Mocarell et aL., 1986; Assennato et aL.,
1989). Chloracne was not found among Missouri residents (Hoffman et al., 1986; Webb
et aL., 1989) examined 10 years after exposure or among Ranch Hand personnel
(Roegner et al., 1991). ln United States Ary Viet Nam veterans, chloracne-like skin
lesions were rarely observed on examnation (0.9% in Viet Nam veterans versus 0.8% in
non-Viet Nam veterans; odds ratio, 1.4; 95% CI, 0.7-2.9) (Centers for Disease Control
Vietnam Experience Study, 1988a).

Chloracne appears shortly after exposure to 2,3,7,8- TCDD-contamInated chemicals.
ln Seveso, the eruption of comedones, usuaIly accompanied by cysts, was observed
between two weeks and two months afer the reactor release (Reggiani, 1980), and within
six months of the explosion, 34 cases of chloracne were identified among children

(Caramaschi et aL., 1981). ln chemical workers involved in the TCP reactor release at the
BASF plant in Ludwigshafen, Germany, most cases of chloracne developed within two
days after first exposure (Zober et al., 1990; Ott et aL., 1994). One case of chloracne
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developed only two years after the accident, but the authors suggest that the etiology of
this case is unclear.

Among Seveso residents, despite high serum 2,3,7,8- TCDD levels, the chloracne
resolved in aIl but one person by 1983 (Assennato et al., 1989; MocareUi et al., 1991).
However, for TCP workers at the Nitro, WV, USA, plant, Moses et aL. (1984) reported
that the mean duration of chloracne was 26.1 :t 5.9 years.

Positive associations between serum and adipose tissue levels of 2,3,7,8-TCDD and
other PCDDs and the risk of chloracne among chemical production workers have been
reported (Ott et al., 1987; Beek et al., 1989b; Bond et al., 1989b); the risk was also
shown to be greater for subjects of young age at exposure, long exposure duration and a
history of employment in production areas of high potential exposure.

Mocarell et al. (1991) described chloracne in people from Seveso Zone A who had
2,3,7,8-TCDD levels in serum lipids ranging from 828 to 56 000 ng/kg (sampled within
one year of the reactor release) (see Table 21). The study also included other individuals
from Zone A, but without chloracne, who had serum 2,3,7,8-TCDD levels that ranged
from 1770 to 10 400 ng/kg. With the exception of one pers on with chloracne who was
16 years old at the time of the accident, aU of the cases were in children under the age of
11 years. Ths contrasts with higher serum levels measured in sorne adult chloracne

subjects among German production workers (Table 44). Cases had estimated adipose
levels of greater than 200 ng/kg 2,3,7,8-TCDD and over 2000 ng/kg lipid HxCDD at the
time of diagnosis. However, a threshold level above which chloracne occurs has not been
established.

Other dermatologie al alterations, including hypertrichosis and hyperpigmentation,
have been reported among workers exposed to 2,3,7,8-TCDD in the United States (West
Virginia and New Jersey) (Ashe & Suskiiid, 1950; Bleiberg et al., 1964; Poland et al.,
1971), Germany (Bauer et al., 1961; Goldman, 1972) and Czechoslovaka (Jirasek et al.,
1974). Increased prevalence of actinic or solar elastosis was observed only in West
Virginia TCP workers (59.1% exposed versus 30.1% unexposed; p -c 0.01). ln the same
exposed population, three cases of Peyronie's disease (a rare progressive scarg of the

penile membrane) were identified (Suskind & Hertzberg, 1984).

(b) Hepatic effects

y-Glutamyltransferase
The studies of Seveso children demonstrate an increase in y-glutamyltransferase

(GGT) levels that occured shortly after the explosion and then a graduaI decline to near
normal levels within five years (Caramaschi et aL., 1981; MocareUi et al., 1986).

Levels of GGT were also found to be elevated among some TCP production workers
in the United Kingdom and the USA (West Virginia, Missouri and New Jersey) up to 30
years afer last exposure to 2,3,7,8-TCDD-contaminated chemicals (May, 1982; Marin,
1984; Moses et al., 1984; Calvert et al., 1992). However, compared with controls, GGT
was not elevated in another study of West Virginia workers (Suskind & Hertberg,
1984).
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Table 44. Chloracne and adipose tissue levels of 2,3,7,8-TCDD and
HxCDD in German chemical workers

Population 2,3,7,8-TCDD HxCDD Year of Half-life Half-life
level level chloracne extrapolated extrapolated
(ng/kgr (ng/kgr diagnosis 2,3,7,8-TCDDb HxCDDb

(ng/kg) ( ng/kg)

Chemical 174 247 1955 7050 10 000
workers c

99 166 1955 4010 6720
147 5101 1963 2350 81 620
61 172 (1955) 2 470 6970
50 517 1969 380 3940
16 58 1955 650 2360

1280 1019 1978 3380 2690
49 3442 (1974) 210 14760
50 9613 (1972) 260 50740

2252 3087 1984 2850 3910
158 1191 (1977) 460 3490

6 283 1970 40 1970

From Beck et aL. (1989b)
Data on serum 2,3,7,8-TCDD levels in Seveso residents with or without chloracne are
presented in Table 21.
a ng/kg lipid

bHalf-life extrapolation ca1culated by authors (Beck et al., 1989b) using the formula

Co = C, x 2n where Cn = original concentration of 2,3,7,8-TCDD or HxCDD, C, = con-
centration at time t, n = number of half-life periods, and t = half-life of 5.8 years. Expo-
sures occurred between 1949 and 1986.
C Measured in 1986

ln a study of TCP production by Calvert et al. (1992), the increases in GaT were
limited to workers with high serum 2,3,7,8-TCDD levels ()o 100 ng/kg) and those with
lifetime a1cohol consumption of more than 30 a1cohol-years (a1cohol-year = 1 a1coholic
beverage per day for one year). Contributions of other potentially confounding exposures
were not explored.

Both the Viet Nam Experience Study and the United States Air Force Ranch Hand
Study found statistically significant elevations in GGT levels among veterans (Centers
for Disease Control Vietnam Experience Study, 1988a; Roegner et al., 1991).

Aspartate aminotransferase and alanine aminotransferase

Reports on the Seveso children and on TCP production workers have found elevations
in serum levels of asparate amnotransferase (AST) and alanine amnotransferase (ALT)
that appear to be transient effects of acute exposure to 2,3,7,8-TCDD (May, 1973; Jirasek
et al., 1974; Caramaschi et aL., 1981; Mocarell et al., 1986). Epidemiological studies
conducted 10-30 years after last exposure found no effects in exposed workers, Viet
Nam veterans and Missouri residents compared with unexposed control groups (May,
1982; Bond et aL., 1983; Marin, 1984; Suskind & Hertzberg, 1984; Hoffman et al.,
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1986; Centers for Disease Control Vietnam Experience Study, 1988a; Webb et al., 1989;
Roegner et al., 1991; Calvert et al., 1992; Ott et al., 1994; Grubbs et al., 1995) or in
workers with or without chloracne (Moses et al., 1984).

ALT was increased in five of 14 TCP workers from the United Kingdom who were
inside a manufacturing building at the time of a TCP reactor explosion in 1968, but no
elevation in AST or AL T was found when workers from the same facility were re-
evaluated later (May, 1982).

ln Seveso children, levels of AL T were elevated in those with chloracne (Caramaschi
et al., 1981).

D-Glucaric aczd

D-Glucarc acid (DGA) excretion IS an indirect but valid indicator of hepatic
microsomal activity.

Ideo et al. (1985) reported that DGA excretion was significantly elevated in adults
residing in Seveso, Italy, at the time of the reactor explosion compared with residents of
unexposed communities (Seveso, 27.1 llmol/g creatinine versus unexposed, 19.8 llmol/g
creatinine; p -: 0.05). ln 1976, DGA excretion was significantly higher in children from
Zone A with chloracne (39 llmol/g creatinine) compared with those without chloracne
(20.5 llmol/g creatinine). However, by 1981, levels were within the normal range.

A significantly higher DGA : creatinine ratio was also observed in exposed TCP
workers tested within one year after exposure to 2,3,7,8-TCDD ceased and 10 years after
a TCP reactor explosion (Marin, 1984).

Other studies did not find increased DGA excretion in exposed populations 10-37
years after last exposure to 2,3,7,8-TCDD-contaminated chemicals (Roegner et aL., 1991;
Calvert et al., 1992).

(ln summary, none of the studies reporting elevations in ALT, AST or DGA
identified clinical evidence of liver disease in the study populations. Therefore, it is
possible that the increases in AL T and AST levels and DGA excretion are related to
high-Ievel, acute exposure to 2,3,7,8-TCDD-contaminated chemicals and that, barng
additional exposure, the levels decrease with time.)

Porphyrin metabolism

Whether 2,3,7,8-TCDD is associated with porphyrin changes in humans, paricularly
porphyria cutanea tarda (PCT), is a subject of sorne debate. PCT is a form of acquired or
inherited porphyria caused by a deficiency of the enzyme uroporphyrinogen decar-

boxylase and the resulting overproduction and excretion of uroporphyrin (Sweeney,

1986). The predominant characteristics of PCT include skin fragilty, blistering upon sun
exposure, dark pigmentation, excess hair growth, hepatomegaly, reddish-coloured urine,
and urinar excretion ofuro- and heptacarboxyporphyrins (Strik, 1979).

ln 1964, increased uroporphyrins, urinar coproporphyrins and urobilinogen were
found in 11 of 29 TCP production workers in New Jersey (Bleiberg et aL., 1964). ln the
NIOSH study (which included the same cohort as reported by Bleiberg et aL., 1964)
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(Calvert et al., 1994), no difference was found between workers and an unexposed
control group in the prevalence of PCT (odds ratio, 0.9; 95% CI, 0.2-4.5) and there were
no differences in the risk between workers and the control group for an out-of-range uro-
porphyrin concentration or an out-of-range coproporphyrin concentration. Because this
study was conducted at least 15 years after last occupational exposure to 2,3,7,8-TCDD,
it was not possible to determne whether porphyrinuria occurred during the earlIer years
after exposure. Changes in porphyrin levels were measured in only one other study of
workers exposed to 2,3,7,8-TCDD, the study of West Virginia TCP workers, in which no
evidence of porphyrinuria was observed (Moses et aL., 1984).

Sixt Y Seveso residents were tested for elevated porphyrins in 1977 and again in 1980.
None developed PCT. However, 13 (22%) exhibited secondar coproporphyrinuria, five
of whom showed a slight increase of urocarboxyporphyrins, heptacarboxyporphyrins and
coproporphyrins classified as a 'transition constellation to chronic hepatic porphyria
type A'. ln 1980, porphyrin levels had returned to normal in 12 individuals (Doss et aL.,
1984).

Lipid levels

A number of case reports and epidemiological studies have described increases in
levels of serum lipid fractions, paricularly total cholesterol and triglycerides, in TCP
production workers, laboratory workers, Seveso and Missouri residents and Viet Nam
veterans. Others report no differences between subject and reference levels. A summar
of the reported levels is presented in Tables 45 and 46.

Total cholesterol

The majority of epidemiological studies of workers and community residents have
reported no significant increases in total cholesterol levels among exposed populations
compared with controls (Moses et aL., 1984; Suskind & Hertzberg, 1984; Hoffman et aL.,
1986; Mocarelli et aL., 1986; Assennato et aL., 1989; Webb et aL., 1989; Ott et aL., 1994;
Calvert et aL., 1996). However, in one study of British TCP production workers, one year
after exposure to 2,3,7,8- TCDD had ceased, total cholesterol levels in exposed workers
with chloracne (6.02 mmol/) and without chloracne (6.14 mmol/) were significantly
elevated compared with those of unexposed controls (5.6 mmol/) (Marin, 1984)
(Table 45).

Similarly, a comparson of workers with persistent chloracne, no chloracne, or a
history of chloracne revealed a significant association (p -c 0.05) between the proportion
of out-of-range low-density lipoprotein cholesterol values and persistent chloracne

(Suskind & Hertberg, 1984).

Among United States Ary veterans, there was no difference in total cholesterol
levels between groups who served in Viet Nam or in other countres (Centers for Disease
Control Vietnam Experience Study, 1988a). ln the United States Air Force Ranch Hand
1987 study, there was a statistically significant positive relationship between serum
2,3,7,8-TCDD levels above 33.3 ng/kg and total cholesterol levels (Roegner et al., 1991).
ln the 1992 analysis, the difference was not observed (Grubbs et aL., 1995).
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Table 45. Mean total cholesterol levels among Seveso and Missouri residents, TCP production
workers, BASF accident cohort and Viet Nam veterans

Reference Population Exposed Unexposed

No. Mean level (mmol/) No. Mean level (mmol/) -
Mocarelli et al. Seveso children ~
(1986) 1977 16a 4.62 (95% CI, 3.26-5.98) 28a 4.45 (95% CI, 3.12-5.77) n

s:1982 182a 4.48 (95% CI, 2.97-5.99) 250a 4.41 (95% CI, 2.99-5.83) 0
Caramaschi et al. Seveso children 138 15.2b,c 120 12.5b.d Z0(1981) C1

Assennato et al. Seveso residents
~(1989) 1976 193c 4.78 :! 0.99 - - ::

1982-1983 152c 4.06 :! 0.80 123d 4.14:! 0.77 CI

1983-1984 142c 4.09 :! 0.88 196d 4.12:! 0.86 ~0
1985 141" 4.14:t 0.91 167d 4.13 :t 0.78 t'

May (1982) TCP production workers 41" 5.97 31 6.6 ~
in the United Kingdom tr

0'
Marin (1984) Tep production workers 39c 6.0l' 126 5.6 \0

in the United Kingdom

Poland et al. (1971) TCP production workers 71 6.12:! 1.14

in New Jersey

Moses et al. (1984) TCP production workers 105c 5.38 :! 0.88 101d 5.37 :! 0.85
in West Virginia



Table 45 (contd)

Reference Population Exposed U nexposed

No. 11ean level (nuoVL) No. 11ean level (nuoVL)

""Suskind & TCP production workers 200 5.46 :t 0.07 163 5.28 :t 0.08 0
Hertzberg (1984) in West Virginia ~~

TCP production workers: 105c 5.44 :t 0.08 28d 5.30:t 0.18 (j
Pchloracne versus never

chloracne 0
~Ott et al. (1994) BASF accident cohort 135 6.141:t 1.01 6581 6.371:t 1. 17 ;i

5.78'; 5.68';
~Calvert et al. (1996) TCP and 2,4,5- T 273 259 t'

production workers in ti
ti11issouri and New Jersey ..t:

Roffman et aL. 11issouri residents in 142 4.97' :t 0.96 148 5.2:t 1.09 t'
Z(1986) mobile home park N0Webb et al. (1989) 11issouri residents ~

.. 20 nglkgh 16 5.88:t 1.10
l:- -
~

20-0 nglkgh 12 6.60 :t 0.93 1- - ti;: 60 nglkgh 12 6.76:t 0.97 ..- - 0
cne Viet Nam United States Ary Vi et 2490 5.43i,) 1972 5.36iJ

~Experience Study Nam veterans C/
(1988a)
Roegner et al. Ranch Rand personnel
(1991 ) Unkown :: 10 nglkgk 338/ 5.53 777 5.51

Low 15-:: 33.3 ng/kl 191 5.55
High;: 33.3 nglkgk 182 5.68'

t'ww
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Table 45 (contd)

Reference Population Exposed Unexposed

No. Mean level (mmol/) No. Mean level (mmol/)

Grubbs et al. (1995) Ranch Hand personnel
Background
Lown
Highn

362
251
251

5.7r
5.68ni

5.76ni

1 025 5.69
..
;i~n
~ozoo
~
::u:
~o
l'

~t:
0\\0

Data are means :! SD unless otherwise specified
a Number of samples
b % abnormal
C Chloracne

dNo chloracne
ep ~ 0.05
f Adjusted for age, body mass index, smoking history

g Adjusted for age, smoking, CUITent diabetes
h Adipose tissue levels of 2,3,7,8-TCDD in nglkg of lipid

j Geometrc mean
j% abnormal: Viet Nam veterans, 5.1; non-Vi et Nam veterans, 4.7; odds ratio, 1.1; 95% CI, 0.8-1.5
kSerum 2,3,7,8-TCDD levels in ng/kg oflipid ,
1 Contrasted to unexposed comparsons
ni Adjusted mean
n Serum 2,3,7,8- TCDD levels in nglkg of lipid; background: CUITent level ::10 nglkg of lipid; low: CUITent level :; 10 nglkg of

lipid, 10 ng/kg ~ initiallevel :: 143 ng/kg of lipid; high: CUITent level :; 10 ng/kg of lipid, 10 ng/kg ~ initiallevel :; 143 ng/kg

of lipid



Table 46. Mean triglyceride levels among Seveso children and Missouri residents, TCP
production workers, BASF accident cohort and Viet Nam veterans

Reference Population Exposed Unexposed

No. ~ean 1eve1 (rroVL) No. ~ean 1eve1 (mmoVL) 'i0
t"~~ocarell Seveso chi1dren n

et al. (1986) 1977 38a 0.97 (95% CI, 0.60-1.50) 36a 0.95 (95% CI, 0.63-1.51) P
1982 207a 0.91 (95% CI, 0.52-1.60) 257" 0.86 (95% CI, 0.86-1.56) 0

~Assennato Seveso residents
et al. (1989) 1976 193b 0.99 :! 0.43 - - ).

""1982-1983 152b 0.87 :! 0.40 123c 0.85 :! 0.37 ti
1983-1984 142b 0.94 :! 0.59 196c 0.88 :! 0.46 ti

ti1985 141b 0.84 :! 0.44 167c 0.87 :! 0.55
53

~ay (1982) TCP production workers, 41b 2.03 31 c
ti

1.83 Z
United Kingdom N0

~arin (1984) TCP production workers, 39b 1.97d (95% CI, 0.4-4.0) 126c 1.41 (95% CI, 0.3-3.2) ~
\:

United Kingdom ~
1

~oses et al. TCP production workers, 93b 1.6ge:! 1.26 93c
0

1.46 :! 0.73 1-0(1984) West Virginia ~1-
Suskind & TCP production workers, 200 1.65 :! 0.08 163 1.76 :! 0.08 Z

u:
Hertzberg West Virginia
(1984)

Ott et al. BASF accident cohort 135 1.91f:! 1.19 4471 1.9i:! 1.65

(1994)

N
VJ
VI
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Table 46 (contd)

Reference Population Exposed Unexposed

No. Mean level (mmol/) No. Mean level (mmol/) -
Calvert et al. TCP and 2,4,5- T 273 1.20g,j 259 1. l5gj ~\.
(1996) production workers, ~

Missouri and New Jersey 0
Z

Hoffman et al. Missouri residents In 141 1.07 :t 0.73 146 1.l9:t 1.07 00
(1986) mobile home park

~Webb et al. Missouri residents
(1989) .. 20 ng/kl 16 2.17:t 2.08

::- - u:
20-0 nglkgh 12 1.81:t 1.19 - - ..
:: 60 nglkgh 12 2.69 :: 1.06

0- - ~
CDC Vietnam United States Ary 2490 1.06ij 1972 1.05iJ ~
Experience Viet Nam veterans tI

0'
Study (1988a) 1.

Roegner et al. Ranch Hand personnel
(1991) Unkown:: 10 ng/kl 338 1.02d,1 777 1.16

Low 15-:: 33.3 nglkgk 191 1.37 d,l

High;: 33.3 nglkgk 182 1.35 d,l



Table 46 (contd)

Reference Population Exposed Unexposed

No. Mean level (mmoll) No. Mean level (mmoll) -iol'~n
Fo
~
;:~
tr
t:
t:
ta
tr
Z
No
~i:
~
1

t:-o
~-
Z
CI

Grubbs et al.
(1995)

Ranch Rand personnel
Background
Lowm
Righm

362
191
182

1.431

1.491

1.351

1 025 1.47

Data are means :t SD un1ess otherwise indicated
a Number of samplesb .Chloracne
'No chloracne
dp -c 0.01
ep = 0.056
f Adjusted for age, body mass index, smoking history

g Adjusted for body mass index, smoking, gender, race, CUITent diabetes, use of ß-blocker
h Adipose tissue levels of 2,3,7,8- TCDD in nglkg of lipid
1% abnorma1: Viet Nam veterans, 4.7; non-Viet Nam veterans, 5.3; odds ratio, 0.9; 95% CI, 0.7-1.2

¡Geometrc mean
kSerum 2,3,7,8-TCDD levels in nglkg oflipid
1 Contrasted to unexposed comparsons
mSerum 2,3,7,8-TCDD levels in nglkg of lipid; background: CUITent level S 10 nglkg of lipid; low: CUITent level

:; 10 ng/kg of lipid, 10 nglg -c initiallevel :s 143 ng/kg of lipid; high: CUITent level ~ 10 ng/kg of lipid, 10 ng/kg

-c initial level ~ 143 ng/kg of lipid

Nw..
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Triglycerides

Elevated triglyceride levels were reported among British TCP workers with chloracne
(Marin, 1984) and, in the United States Air Force Ranch Hand study, among subjects
with serum 2,3,7,8-TCDD levels above 15 ng/kg lipid in 1987 (Roegner et aL., 1991) and
only if above 33 ng/kg lipid in 1992 (Grubbs et al., 1995). Among TCP production
workers, there was a small rise in triglyceride levels with increasing serum 2,3,7,8-
TCDD level, but this was found to be dependent on host factors (including sex and body
mass index) in a multivarate regression analysis (Calvert et aL., 1996).

Triglyceride levels were not elevated in the BASF Ludwigshafen accident cohort (Ott
et al., 1994), in Missouri residents (Hoffman et al., 1986; Webb et al., 1989), in Seveso
residents (Mocarell et al., 1986; Assennato et aL., 1989) or in United States Ary
Viet Nam veterans (Centers for Disease Control Vietnam Experience Study, 1988a)
(Table 46).

(c) Other gastrointestinal effects

A varety of gastrointestinal disorders other than liver conditions have been reported
following heavy, acute or chronic exposure of chemIcal workers (Ashe & Suskind, 1950;
Baader & Bauer, 1951; Bauer et al., 1961; Jirasek et aL., 1974). The most consistently
reported symptoms were transient episodes of right upper quadrant pain, loss of appetite
and nausea. None of the reports suggest an etiology for these symptoms and the symp-
toms were not reported in later follow-up studies ofany cohort (Pazderova-Vejlupkova
et al., 1981; Moses et aL., 1984; Suskind & Hertberg, 1984).

Thee investigations of TCP production workers reported an increased prevalence of a
history of upper gastrointestinal tract ulcer across all age strata of West Virginia workers
(exposed, 20.7% versus unexposed, 5.5%) (Suskind & Hertzberg, 1984) and aIl digestive
system diseases (not specified) among workers employed in a plant in Midland, MI
(prevalence: exposed, 1.5% versus unexposed, 0.5%) (Bond et al., 1983). The factors
contrbuting to these conditions have not been examined fully. Neither the Ranch Hand
study (Roegner et al., 1991; Grubbs et aL., 1995) nor the NIOSH study (Calvert et al.,
1992) found an increased risk of upper gastrointestinal tract ulcers with increasing serum
2,3,7,8- TCDD level.

(d) Thyroidfunction

Efects in adults
Little or no information has been reported on the effects of 2,3,7,8-TCDD specifically

on thyroid function in production workers or Seveso residents, two groups with docu-
mented high serum 2,3,7,8-TCDD levels.

No difference was found between West Virginia TCP production workers and
controls for thyroxine (T4) and thyroxine-binding globulin (TBG), although quantitative
results were not presented (Suskind & Hertzberg, 1984). Thyroid-stimulating hormone
(TSH), T4 and TBG levels were withn the normal range in workers exposed in the
BASF Ludwigshafen (Germany) accident (Ott et aL., 1994). The 1987 Ranch Hand study
indicated a nonsignificant reduction in the percentage of triodothyronine (T3) uptake
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(Roegner et aL., 1991). A slight increase in the mean level of TSH with increasing serum
2,3,7,8-TCDD level was noted in both 1987 and 1991, but did not reach statistical signi-
ficance (Roegner et al., 1991; Grubb et aL., 1995). Among Ary Viet Nam veterans,
mean TSH levels, but not mean free thyroxine index (FTI) (biologically active) levels,
were statistically significantly higher than among non- Viet Nam veterans, after adjust-
ment for the six entry characteristics of age and year of enlistment, race, enlIstment

status, general technical test score and primar militar occupation (Table 47) (Centers
for Disease Control Vietnam Experience Study, 1988a).

Table 47. Levels of triidothyronine percentage (T3%) uptake and free thyroxine
index in Viet Nam veterans

Reference Population Exposed Adjusted RR Unexposed
(95% CI)

No. Mean No. Mean
level level

T3 % uptake

Roegner et aL. Ranch Hand personnel 772 30.7
(1991 ) Unkown S ioa 338 30.7 1.1 (0.6-2.1)

Low 15-s 33.3a 194 30.4 0.9 (0.4-2.2)
High;: 33.3a 181b 30.0 0.5 (0.1-1.5)
AlI Ranch Rand versus 937 30.6 1.14 (0.7-1.8)

aIl comparsons 1198 30.6

Free thyroxine index

CDC Vietnam United States Army 2490 2.2e 1.2d (0.9-1.5) 1972 2.2e
Experience Study Viet Nam veterans
(1988a)

a Serum 2,3,7,8-TCDD in ng/kg lipid
bp -- 0.05 comparson of 

veterans at background level with ~ 33.3 ng/kg 2,3,7,8-TCDD
e Geometrc mean
d Adjusted odds ratio

Effects in infants

Two studies in the Netherlands examined thyroid function in infants and related thIs
to PCDD, PCDF and/or PCB levels in breast milk, cord blood or third trimes ter maternaI
serum samples.

Pluim et al. (1992, 1993c) examned thyroid function among 38 full-term breast-fed
infants in relation to the total I-TEQ per kg of breast milk fat of seven PCDDs (see
Table 30) and 10 PCDFs. Total T4, TBG and TSH levels were measured sequentially in
cord blood and in the blood of infants at one week of age and at 11 weeks of age
(Table 48). Tota T3 was measured in plasma at 11 weeks. Inants were classified as
'high' or 'low' with respect to the median of the range of total 1- TEQ. At one week and
11 weeks postnatalIy, mean total T4 and total T4 : TBG ratios were significantly higher



N
Table 48. Levels of thyroxine-binding globulin (TBG), thyroxine (T4), free thyroxine (FT4), T4llBG ratio and .t0
thyroid-stimulating hormone (TSH) in nursing infants and workers of the BASF accident cohort

Measurement Reference Population Exposeda Unexposedb

No. Mean :: sn No. Mean :: sn

Nursing infants

Total T4 (nmol/) Pluim et al. (1992, Neonates; Amsterdam, The Netherlands
1993c) At birh/cord blood 15 134.3 :: 4.8d 18 122.5:: 4.1d -

1 week postnatal 19 178.7:: 5.5 19 154.5 :: 6.3 ;:~Il weeks postnatal 16 122.2e:: 3.0 18 11 1.1 :: 4.0 (j
Koopman- Esseboom Neonates; Rotterdam, The Netherlands s:0et al. (1994b) 2nd week postnatal 39 159.ge:: 31.6 39 177.5:: 39.2 Z0Free T4 (nmol/) Koopman-Esseboom Neonates; Rotterdam, The Netherlands 0
et aL. (1994b) 2nd week postnatal 39 23.0e:: 3.3 39 24.6:: 3.5

~
TBG (nmol/) Pluim et al. (1992, Neonates; Amsterdam, The Netherlands ::

C/1993c) At birtcord blood 15 589.5 :: 30.5d 18 520.1:: 27.2d -c
1 week postnatal 19 546.2:: 19.1 19 532.6:: 16.3 0

t"Il weeks postnatal 16 500.7:: 13.0 18 519.0:: 29.4

~T4llG P1uim et al. (1992, Neonates; Amsterdam, The Netherlands t:1993c) At birth/cord blood 15 0.232 :: 0.008d 18 0.240 :: 0.007d 0'
\C1 week postnatal 19 0.332e:: 0.011 19 0.291 :: 0.009

Il weeks postnatal 16 0.247e:: 0.009 18 0.220 :: 0.008
TSH (lU/ml) Pluim et al. (1992, Neonates; Amsterdam, the Netherlands

1993c) At birtcord blood 11 11.9 :: 1.9d 14 10.4 :: 1.3d

1 week postnatal 11 2.56 :: 0.41 15 2.93:: 0.41

Il weeks postnatal 12 2.50 :: 0.26 18 1.81:: 0.19

Koopman-Esseboom Neonates; Rotterdam, the Netherlands
et al. (1994b) At bircord blood e

1 1.6e :: 8.0 8.5:: 6.0

2nd week postnatal 39 2.6e:: 1.5 39 1.9 :: 0.8
3 months 39 2.3e:: 1.0 39 1.6:: 0.6



Table 48 (contd)

Measurement Reference Population Exposeda Unexposedb

No. Mean :t SD No. Mean :t SD

Ludwigshafen accident cohort
TBG (mg/L) Ott et aL. (1994) BASF chemical workers 131 12.7:t 3.2 141 12.7:t 2.9

T4 (~g/dL) Ott et al. (1994) BASF chemIcal workers 131 7.8:t 1.9 141 8.3 :t 1.5

T4!lG Ott et al.(1994) BASF chemical workers 131 6.3 :t 1.3 141 6.7:t 1.6

TSH (ru/mL) Ott et al. (1993, 1994) BASF chemical workers 130 1.19 :t 0.90 f

aHigh exposure group: 29.2-62.7 ng toxie equivalents/kg (I-TEQ/kg milk fat) (Pluim et al., 1992, 1993c) or;: 30.75-76.43 ng I-TEQ/kg fat

(Koopman-Esseboom et al., 1994b)bLow exposure group: 8.7-28.0 ng I-TEQ/kg (P1uim et al., 1992, 1993c) or 12.44-30.75 ng I-TEQ/kg fat (Koopman-Esseboom et al.,

1994b)
c p -: 0.05 compared to the unexposed group
dStandard error of 

the mean
eTotal for both high and low = 75
fNo referent values
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among infants in the 'high' group. At 11 weeks, TSH was also significantly higher in the
'high' group. Total T3 was unchanged.

Koopman-Esseboom et al. (1994b) examined thyroid function in 78 mother-infant
pairs in relation to the I-TEQ levels for PCDDs, planar PCBs, non-planar PCBs and total
PCBs-PCDDs in breast milk collected in the first and second weeks after delivery. Total
T4, total T3, free T4 and TSH levels were measured in the mother during the last month
of pregnancy and 9-14 days after delivery, in cord blood and in the blood of infants at
9-14 days and three months after birth (Table 48). AlI the I-TEQs (PCDDs, co-planar
PCBs, non-planar PCBs and total PCDDs/PCBs) were significantly correlated with infant
plasma levels of TSH at the second week and third month, and inversely correlated with
total T3 pre-delivery, and with total T3 and total T4 post-delivery for the mothers. The
non-planar PCB TEQ was not significantly correlated with the mothers' total T4 after
delivery and the infants' third month TSH. The measurements in infants with higher
PCDD TEQ (based on median TEQ) during their second week of life showed a signi-
ficant increase in TSH and significant decreases for total T4 and free T4.

These two studies of nursing infants suggest that ingestion of breast milk with ele-
vated levels of PCDDs may alter thyroid function. Both studies covered a short obser-
vation period which limIts the examnation of persistent or long-term changes in thyroid
status and the analyses did not control for other factors which might affect thyroid status.

(e) Diabetes

Cross-sectional studies of workers from Nitro, West Virginia, found no difference in
glucose levels between the exposed and control populations, although no quantitative
values were presented in either report (Moses et aL., 1984; Suskind & Hertzberg, 1984).
Similarly, the adjusted odds ratio for out-of-range fasting glucose levels comparng
Viet Nam veterans with non-Viet Nam veterans was not statistically significant (odds
ratio, 1.0; 95% CI, 0.4-2.2) (Centers for Disease Control Vietnam Experience Study,
1988a). Mean fasting glucose levels in the workers exposed in the BASF Ludwigshafen
(Germany) accident were elevated compared with the control population and were asso-
ciated with current levels of 2,3,7,8-TCDD (p = 0.062) but not with the levels back-
extrapolated to the time of exposure (Ott et al., 1994).

ln the Ranch Hand study, diabetic status was assessed by measuring fasting serum
glucose and 2-h postprandial glucose and by using a case definition of diabetes. Diabetes
was defined as having a verified history of diabetes or an oral glucose tolerance test of
~ 11.1 mmoll (200 mg/dL) (Roegner et aL., 1991). The analyses of all three parameters
suggested a consistent association between serum 2,3,7,8-TCDD levels above 33.3 nglkg
and an increased risk of diabetes. Adjusted relative risks in Ranch Hand veterans with
serum 2,3,7,8-TCDD above 33.3 ng/kg compared with an unexposed group were

statistically significantly elevated for fasting serum glucose levels and diabetes (glucose
RR, 3.0; p.. 0.001; diabetes RR, 2.5; p .. 0.001) (Table 49) and for the 2-h postprandial
glucose test (RR, 2.4; p = 0.035). ln addition, Ranch Hand personnel meeting the case
defintion for diabetes were also more likely to have earlier onset of diabetes than the
unexposed group (Wolfe et al., 1992).
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Table 49. Adjusted relative risk (RR) for fasting serum glucose levels,
cases of diabetes and mean 2-h postprandial glucose levels by category
oflipid-adjusted serum 2,3,7,8-TCDD level in Ranch Hand veterans

Serum 2,3,7,8-TCDD (nglkg) Fasting serum Diabetes 2- H postprandial
glucose (RR) (RR)" glucose level (RRt

Unkown: :: 10 nglkg lipid 0.66 0.82 0.88
Low: 15-:: 33.3 nglkg lipid 1.18 1.01 0.60
High: :; 33.3 nglkg lipid 2.95d 2.51d 2.35c

From Roegner et al. (1991)
a Defined as having a verified history of diabetes or 2-h postprandial glucose level of

;: 11. 1 mmol/ (200 mg/dL)
b Comparison of diabetics and normals
cp = 0.035
dp-oO.OOl

(j Immunological effects (Tables 50-57)

. Nine epidemiological studies and one case report have assessed immunological
function in populations exposed to 2,3,7,8-TCDD (Reggiani, 1978; Hoffman et al., 1986;
Centers for Disease Control Vietnam Experience Study, 1988a; Evans et al., 1988;
Jennings et al., 1988; Webb et al., 1989; Roegner et al., 1991; Ott et al., 1994; Tonn
et aL., 1996). With the exception of the Tonn et aL. (1996) study, none has found a clear
relationship between exposure and impaired immunological status. Among the Seveso
children resident in the area of highest 2,3,7,8-TCDD contanation, immunoglobulins,
complement levels, lymphocyte subpopulations and lymphocyte activity analyses were
within the normal range, with no differences from those of unexposed controls

(Reggiani, 1978).

ln Missouri residents with potential exposure to 2,3,7,8-TCDD-contamiated soIl (see
Section 1.3.2(c)), depression in cell-mediated immunity (delayed hypersensitivity) was
reported by Hoffman et al. (1986). However, a follow-up study did not confrm the
presence of anergy (Evans et aL., 1988). ln a later study of a different cohort of Missouri
residents, Webb et al. (1989) found no clinical evidence of immunosuppression in 40
individuals whose adipose 2,3,7,8-TCDD levels ranged from below 20 ngJkg to over
430 ngJkg (top of range not given).

The effect of past occupational exposure on parameters of the immune system was
examned in 18 British workers who were evaluated 17 years after accidental industral
exposure to chemicals contamnated with 2,3,7,8-TCDD (Jennings et al., 1988). There
were no significant differences in the levels of immunoglobulins, T and B lymphocytes,
responsiveness to phytohaemagglutInn A or the CD4 and CD8 counts. Three
measurements were different in workers compared with controls: antinuclear antibodies
(8 workers vers us 0 controls, p -c 0.01), immune complexes (11 workers versus
3 controls, p -c 0.05) and natural killer cells (workers, 0.40 x 106/L versus controls, 0.19 x106/L; p -c 0.002). .



Table 50. CD4/CD8 ratios In Missouri residents, Viet Nam veterans and BASF accident cohort
N.t.t

Reference Population Exposed Unexposed

No. Mean ratio No. Mean ratio
(SD) (SD)

Roegner et aL. Ranch Hand personnel
(1991 ) Unkown: :: 10 nglkga 126 1.72 301 1.89

Low: 15-:: 3.3 nglkga 72 1.91
High: ;: 33.3 ng/kga 72 1.99 ~

~Grubbs et aL. Ranch Hand personnel n
(1995) Backgroundb 139 1.50 399 1.48 ~

Lowb 94 1.58 0
Highb 106 1.57 Z0

CDC Vietnam United States Ary Viet Nam 2490 1.8c Odds ratio 0( reference 1972 1K 0
Experience Study veterans range, 0.9 s:'i(1988a) Odds ratio;: reference ::

range, 1.1
v.
~Hoffman et al. Missouri residents in mobile 135 1.9 (0.8) % abnonnal, 8.2 142 1.9 (0.6) % abnonnal, 0

(1986) home park 6.3 l'

~Webb et aL. Missouri residents - -
(1989) 0( 20 nglkgd 16 2.0 (0.7) tT

0\
20-0 ng/kl 12 2.1 (1.0) \0

;: 60 ng/kgd 12 1.4 (0.7)
Ott et al. (1994) BASF accident cohort 132 1.6 (0.9) 42' 1.5 (0.6)

a Serum 2,3,7,8- TCDD level in nglkg of 1ipid
b Comparson: CUITent dioxin :: 10 ng/kg of lipid; background: CUIent dioxin ;: 10 ng/kg; low: CUITent dioxin ;: 10 ng/kg, 10 nglkg 0( initial

dioxin:: 143 nglkg; high: CUITent dioxin;: 10 nglkg, 10 nglkg 0( initial dioxin;: 143 nglkg
c Geometre mean
d Adipose tissue 2,3,7,8- TeDD level in nglkg of lipid
eFrom Zober et aL. (1992)



Table 51. Total lymphocytes in 2,4,5- T production workers, Missouri residents, Viet Nam veterans and
BASF accident cohort

Reference Population Exposed Unexposed

No. Mean 'SD No. Mean SD 'i0lever lever l'~
ê.Roegner et al. Ranch Hand personnel ::

(1991) Unkown: :: 10 ng/kl 127 1954 301 1972 l'- - 0
Low; 15:: 33.3 ng/kgb 73 2011 -

~High: ~ 33.3 ng/kgb 74 2032 -
~Grubbs et al. Ranch Hand personnel ""
m(1995) BackgroundC 141 2067d 400 2022 ti

LowC
95 1989 ti

HighC 108 2034 53
m

CDC Vietnam United States Any 2490 1973 - 1.0'/1.21 1972 1936 - Z
NExperience Study Viet Nam veterans 0

(1988a) ~
~

Hoffman et al. Missouri residents in 135 2465 724 142 2311 634 s:
1

( 1986) mobile home park ti-0Webb et al. (1989) Missouri residents % lymphocytes :x
~ 20 ng/kt 16 2200 830 32 - - Z
20-0 ng/kgg 12 2300 600 32 v.
~ 60 ng/kgg 12 2200 720 28

Jennngs et al. 2,4,5- T production 18 1980 840 15 2020 470
(1988) workers exposed 17

years earlier

N.t
VI
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Table 51 (contd)

Reference Population Exposed Unexposed

No. Mean SD No. Mean SD
level" leveia

Ott et al. (1994) BASF accident cohort 133 1978 805 % lymphocytes 42 2268 838 % lymphocytes
33.4 (i: 9.4) 36 (i: 12.4)

;;:;n
~ozoo
~
""
::
en
~o
l'

~
m
0\
\0

aUnits, lymphocyte per mm3
bSerum 2,3,7,8-TCDD level in ng/kg oflipid
C Comparson: current dioxin S; 10 ng/kg of lipid; background: current dioxin ;: 10 ng/kg; low: current dioxin ;: 10 ng/kg, 10 ng/kg

.: initial dioxin :: 143 ng/kg; high: current dioxin;: 10 ng/kg, 10 ng/kg.: initial dioxin;: 143 ng/kg
d Adjusted mean
e Odds ratio.: reference range

. f Odds ratio;: reference range

g Adipose tissue 2,3,7,8- TCDD level in ng/kg of lipid



Table 52. BI Lymphocytes in 2,4,5- T production workers, Missouri residents, Vi et Nam veterans,
BASF accident cohort and extruder personnel

Reference Population Exposed U nexposed "i0
No. Mean SD No. Mean SD t"~

level" level" n
::rRoegner et al. Ranch Hand personnel 0

(1991) Unkown::: lOb 127 176 - 301 172 - ~Low: 1.5 :: 33.3b 71 183 - ;p
High: ;: 33.3b 73 191 ""- tr

Grubbs et al. Ranch Hand personnel v
v(1995) BackgroundC 140 245d - 400 214 - -t:LowC

95 224 tr-
~HighC 106 220 -

cne Vietnam United States Ary 2490 240' LI! 1972 230' 0- - ~Experience Study Viet Nam veterans 1.28 ¡:

~(1988a) 1

VWebb et al. (1989) Missouri residents % BI cells -0.. 20 ng/kl 16 190 865 9.1 - - - ~
20-60 ng/kgh 12 189 983 8.3 Z

CI;: 60 ng/kl 12 171 573 7.8
Jennings et al. 2,4,5- T production 18 210 110 15 160 80
(1988) workers exposed

17 years earlier

N
.¡-.



Table 52 (contd)

Reference Population Exposed-
No. Mean SD

level"

Ott et al. (1994) BASP accident cohort 133 10.4; 6.0

Unexposed

N.t
00

$=:;n
~ozo
ci

~'i:i
C/

~o
L'

~tr
0\
\0

No. Mean SD
leveia

42 12.3;J 5.1
aUnits, celllmm3
bSerum 2,3,7,8-TCDD level in nglkg oflipid
C Comparson: CUITent dioxin ~ 10 nglkg of lipid; background: CUITent dioxin ;: 10 nglkg; low: CUITent dioxin ;: 10 nglkg,

10 nglkg 0: initial dioxin ~ 143 nglkg; high: CUITent dioxin;: 10 nglkg, 10 nglkg 0: initial dioxin;: 143 nglkg
d Adjusted mean
e Geometrc mean
f Odds ratio 0: reference range

g Odds ratio;: reference range
h Adipose tissue 2,3,7,8- TCDD level in nglkg of lipid
í% BI cells

jProm Zoher et al. (1992)



Table 53. CD4 Lymphocytes in production workers, Missouri residents, Viet Nam veterans and BASF
accident cohort

Reference Population Exposed Unexposed

No. Mean SD No. Mean SD
level" level"

'i0Roegner et al. Ranch Hand personnel l'~(1991) . Unkown: S; 10 ng/kl 127 867 - 301 907 - nLow: 1.5 S; 33.3 nglkgb 72 945 -
PHigh: ;: 33.3 nglkgb 72 929 - 0

Grubbs et al. Ranch Hand personnel
~(1995) BackgroundC 141 961d - 403 923 - ~

Lowc 95 917 - ~
HighC 108 962 - 0

0CDC Vietnam United States Any 2490 1020e - uý 1972 990e ..- ttExperience Study Viet Nam veterans 1.48 tr
Z(1988a)
N

Hoffman et al. Missouri residents in 135 1021 353 % abnormal, 142 1033 346 % abnormal,
0
.t(1986) mobile home park 0.7 0.0 ¡:

~Webb et al. (1989) Missouri residents % CD4 cens 10-: 20 nglkgh 16 1084 485 48 ..- - 0
20-60 nglkgh 12 1198 391 51 ~
;: 60 nglkgh 12 963 403 42 Zu:

Jennings et al. 2,4,5- T production 18 950 340 15 1040 290
(1988) workers exposed 17 years

earlier

Tonn et al. (1996) 2,4,5- TCP production and 11 - % CD4 cens, 10 - %CD4
maintenance workers 47.6 (:1 8.1) cens, 48.5

(:1 10.6)

~1.
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Table 53 (contd)

Reference Population Exposed Unexposed

Ott et al. (1994) BASF accident cohort 133 % CD4 cells, 42;
42.5 (:1 10.4)

%CD4
cells, 45.1

(:1 8.9)

~
~ozoo
~
::
CI

~o
l"

~tr
0'
\0

No. Mean SD
leveia

No. Mean SD
levelQ

aUnits, cells/mm3
bSerum 2,3,7,8-TCDD in ng/kg oflipid
C Comparson: current dioxin :: 10 ng/kg of lipid; background: current dioxin ;: 10 ng/kg; low: current dioxin ;: 10 ng/kg, 10 ng/kg

.. initial dioxin :: 143 ng/kg; high: current dioxin ;: 10 ng/kg, 10 ng/kg .. initial dioxin ;: 143 ng/kg
d Adjusted mean
e Geometric mean
f Odds ratio.. reference range

g Odds ratio;: reference range
h Adipose tissue 2,3,7,8- TCDD level in ng/kg of lipid

¡From Zober et al. (1992)



Table 54. CD8 Lymphocytes in production workers, Missouri residents, Vi et Nam veterans and
BASF accident cohort

Reference Population Exposed Unexposed

No. Mean SD No. Mean SD "t0
level" level" i:~

(1
Roegner et al. Ranch Hand personnel ~
(1991) Unkown: :: 10 ng/kgb 126 485 - 301 473 - 0

Low: 1.5 :: 33.3 ng/kgb 71 465 - ~
High: ;; 33.3 ng/kgb 73 475 Z- ;i

Grubbs et al. Ranch Hand personnel ~
tT

(1995) Backgroundc 140 645d - 400 634 - v
Lowc 95 606 v- -
HighC 106 618 o:-

tT
CDC Vietnam United States Any 2490 560' Lot 1972 550 Z- - N
Experience Study Viet Nam veterans 0.98 0

.¿(1988a) l:
~Hoffman et al. Missouri residents in 135 592 223 % abnormal, 142 578 198 % abnormal, l

V
( 1986) mobile home park 1.5 0.0 -0
Webb et al. (1989) Missouri residents % CD8 cells ~

~ 20 ng/kgh 16 562 215 26 - - z
C/

20-60 ng/kl 12 645 225 28
;; 60 ng/kgh 12 807 381 35

Jennings et al. 2,4,5- T production 18 630 280 - 15 590 230
(1988) workers exposed 17 years

earlIer

N
VI..
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Table 54 (contd)

Reference Population Exposed Unexposed

Ott et aL. (1994) BASF accident cohort 132 %CD8
cells, 31.9
(t 10.4)

4i %CD8
cells, 32.0

(t 7.1)

~n
~ozoo
~
::
CI

~o
t"
c:
~
m
0\\.

No. Mean SD
level"

No. Mean SD
level"

aUnits, cens/mm3
bSerum 2,3,7,8-TCDD level in ng/kg of lipid
cComparson: current dioxin :: 10 ng/kg of lipid; background: current dioxin :; 10 ng/kg; low: current dioxin :; 10 ng/kg, 10

ng/kg -c initial dioxin:: 143 ng/kg; high: current dioxin :; 10 ng/kg, 10 ng/kg -c initial dioxin:; 143 ng/kg
d Adjusted mean
e Geometrc mean
f Odds ratio.. reference range

80dds ratio:; reference range
h Adipose tissue 2,3,7,8-TCDD level in ng/kg oflipid

¡From Zober et aL. (1992)



Table 55. IgG levels in Missouri residents, Viet Nam veterans and BASF accident cohort

Reference Population

Roegner et al. (1991) Ranch Hand personnel
Unkown: :: lOb
Low: 1.5 :: 33.3b
High: ~ 33.3b

Ranch Hand personnel
BackgroundC
Lowc
HighC

United States Any Viet Nam
veterans

Missouri residents
.: 20 ng/kl
20-60 ng/kl

~ 60 ng/kl
BASF accident cohort

Grubbs et aL. (1995)

CDC Vietnam Experience
Study (1988a)

Webb et al. (1989)

Ott et al. (1994)

Exposed

No.

335
190
175

364
243
251

2490

16
12

12

132

Unexposed

Mean SD
level"

1087
1122
1122

1126d
1111
1115

1078'

1064i
1146
1151

1200d

No.

757

1035

1.1
1.08

1972

Mean
level"

SD

273
193
223

262 194

1120 'io
r'~n
i:
r'o
~?
tio
o""ti
tr
Z
No
~
~
Z
1o""o
~
Z
CI

11 13.9

1077'

1183 310
a Units, mg/dL
bSerum 2,3,7,8-TCDD in ng/kg oflipid
C Comparson: current dioxin :: 10 ng/kg of lipid; background: current dioxin ~ 10 ng/kg; low: current dioxin ~ 10 ng/kg,

10 ng/kg.: initial dioxin:: 143 ng/kg; high: current dioxin ~ 10 ng/kg, 10 ng/kg.: initial dioxin ~ 143 ng/kg
dSignificant positive relationship between IgG and current 2,3,7,8-TCDD level and back-extrapolated 2,3,7,8-TCDD

(p .: 0.01)
'Geometric mean
f Odds ratio.: reference range
80dds ratio ~ reference range
h Adipose tissue 2,3,7,8-TCDD in ng/kg oflipid
ip .: 0.05 trend

N
VIw
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Table 56. IgM levels in Missouri residents, Vi et Nam veterans and BASF accident cohort

Reference Population Exposed Unexposed

No. Mean SD Ratio No. Mean SD Ratio
1eveI" 1evel"

""
Roegner et aL. Ranch Hand personnel ~~
(1991 ) Unkown: :: 10 ng/kl 335 107 - - 757 103 - - n

Low: 1.5:: 33.3 ng/kgb 190 96 - a:0
High: ;: 33.3 ng/kgb 175 106 - Z

CDC Vietnam United States Ary 2490 121' LOd 1972 121 c
0- - - c:

Experience Study Viet Nam veterans 1.0e ~(1988a) '"
::Webb et al. (1989) Missouri residents C/

.. 20 ng/kg 16 128 90 - - - ..0
20-0 ng/kg 12 157 57 t"
;: 60 ng/kg 12 114 44 ~

Ott et al. (1994) BASF accident cohort 132 140 65 - 192 135 70 tr
0'1.a Units, mg/dL

bSerum 2,3,7,8-TCDD in ng/kg oflipid
C Geometrc mean
d Odds ratio.. reference range
e Odds ratio;: reference range
f Adipose tissue 2,3,7,8- TCDD in ng/kg of 1ipid



Table 57. Levels of natural killer cells in Missouri residents, Vi et Nam veterans and extruder
personnel

Reference Population Exposed Unexposed

'iNo. Mean level SD No. Mean level SD 0
t"~Roegner et al. Ranch Hand personnel n
::( 1991 ) Unkown :: 10 nglkg" 126 455b,c 291 414b t"

Low 15-:: 33.3 ng/kga 70 378 0
~High;: 33.3 ng/kga 72 386 Z

Grubbs et al. Ranch Hand personnel CD16+CD56 ~
--(1995) Backgroundd 139 242b,e - 399 248b,e tr
VLowd 94 219 -
vHighd 106 237 - ..
te

Tonn et al. (1996) 2,4,5- TCP production and % CD56 % CD56 tr
Zmaintenance workers 11 5.4 1.9 10 5.5 1.6 N0Jennings et al. 2,4,5- T production workers 18 400b 2HÝ 15 190b 150 .¿
¡:(1988) exposed 17 years earlier
~

10a Serum 2,3,7,8- TCDD in ng/kg of lipid ..0bUnits, cells/mm3
~CNet response
ZdComparson: CUITent dioxin :: 10 ng/kg of lipid.; background: CUITent dioxin ;: 10 ng/kg;

low: CUITent dioxin
CI

;: 10 ng/kg, 10 ng/kg .. initial dioxin:: 143 ng/kg; high: CUITent dioxin ;: 10 ng/kg, 10 ng/kg .. initial dioxin ;: 143
nglkg
e Adjusted mean
f p .. 0.05

N
VI
VI
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Levels of IgA, IgG, IgM and complement C4 and C3 were higher in exposed workers
than in the unexposed control population in the BASF accident study (Ott et al., 1994).

Flow cytometrc analysis of lymphocytes from workers with moderately increased
serum 2,3,7,8-TCDD (25-140 ng/kg fat) and other PCDDs/PCDFs (maximum, 522 ng
I-TEQ/kg fat) did not indicate any decrease of specific cellular components of the
immune system (Neubert et al., 1993a, 1995). Moderate increases in the 2,3,7,8-TCDD
body burden did not induce any medically significant change in the capacity for proli-
feration of lymphocytes, measured as CH)thymidine incorporation (Neubert et aL., 1995).

Tonn et al. (1996) examned lymphocyte function among 11 workers employed
between 1966 and 1976 in TCP production. Lipid-adjusted serum 2,3,7,8-TCDD levels,
measured in 1989-92, ranged from 43 to 874 ng/kg. Although the numbers of

lymphocyte subsets were normal, there was a small but significant difference in the
response to alloantigen challenge of T-cells and their proliferative response to interleukin
(IL)-2. ln addition, compared with unexposed controls, the lymphocytes of the exposed
workers displayed a suppressive activity that inhibited an on-going allo-response of
HLA-unrelated lymphocytes.

Two studies extensively evaluated parameters of the immune system in Viet Nam
veterans. No significant differences were detected between United States Ary ground
troops and the comparson population in lymphocyte subset populations, T -cell
populations or serum immunoglobulins (Tables 50-57) (Centers for Disease Control
Vietnam Experience Study, 1988a). ln the United States Air Force Ranch Hand Study
(Roegner et al., 1991), significant positive associations were found between IgA and
serum 2,3,7,8- TCDD levels. The authors suggest that the rise in IgA is consistent with a
subclinical inflammatory response of unspecified origin.

One report (Weisglas-Kuperus et al., 1995) examined direct and surrogate measures
of immune status in 207 babies in Rotterdam. The surrogate measures were derived from
questionnaires given to the mothers, that covered incidence of rhinitis, bronchitis,
tonsilitis and otitis in children up to 18 months of age. Almost all of the children (205)
were vaccinated against measles, rubella and mumps; the children's antibody levels were
subsequently measured to assess humoral immunity. No relationship was found between
pre- and postnatal PCB/PCDD exposure and respiratory tract symptoms (I.e., number of
periods with rhinitis, bronchitis, tonsilitis and otitis) or humoral antibody production.
However, high prenatal exposure, estimated by cord blood levels, was associated with
alterations in T -cell subsets. AlI values were within clinically normal ranges, and the
small changes observed do not necessarly mirror alterations in the cell composition of
lymphoid and non-Iymphoid organs, nor do they necessarly reflect functional defects.
The long-term effects of such subtle shifts in the distribution of outcome measures
remain unkown.

(g) Neurological effects

Adults: Several studies have evaluated the relationship between neurobehavioural and
neurologie al function among chemical production workers and community residents
exposed to 2,3,7,8-TCDD (Sweeney et aL., 1989). Two studies have reported significant
neuropathy in Seveso residents (Filippini et al., 1981) and in TCP production workers
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(Moses et al., 1984), but these findings have not been reproduced in subsequent studies
of the same populations. Studies of TCP production workers and Vi et Nam veterans have
found no neurological disorder associated with PCDD exposure (Suskind & Hertzberg,
1984; Assennato et aL., 1989; Hoffman et al., 1986; Centers for Disease Control Vietnam
Experience Study, 1988a,b; Assennato et al., 1989; Webb et al., 1989; Sweeney et aL.,
1993).

Infants: A series of studies of infants bom in either Rotterdam or Groningen in the
Netherlands evaluated their neurologie al and behavioural development in a series of tests
conducted at two weeks and three, seven and 18 months, in relation to breast milk levels
of PCBs, PCDDs and PCDFs (see Table 31). Exposed infants were breast-fed; the
controls were formula-fed. Neurological status of 418 neonates (10-21 days) measured
using the Prechtl neonatal neurological examination (Huisman et aL., 1995a) was related
to total I-TEQ (odds ratio, 3.2; 95% CI, 1.4-7.5) and specifically to higher chlorinated
PCDDs, 2,3,7,8-TCDF and 2,3,4,7,8-PeCDF. Multiple tests were conducted in the 207
Groningen children at thee, seven and 18 months to evaluate psychomotor development
(Bayley Scales of Infant Development) (Koopman-Esseboom et aL., 1996) and visual
recognition memory (Fagan Test of Infant Intelligence) at three and seven months
(Koopman-Esseboom et aL., 1995a,b). Results of the Fagan Tests and the psychomotor
and mental developmental indices were no different in breast-fed or formula-fed infants.
Similarly, the neurological status of children at 18 months was not significantly affected
by PCB/PCDD exposure through breast milk (Huisman et aL., 1995b).

(h) Circulatory system

Several studies have described mortality from diseases affecting the circulatory
system among populations exposed to 2,3,7,8-TCDD (Bond et aL., 1987; Bertazzi et al.,
1989; Zober et al., 1990; Coggon et al., 1991; Fingerhut et al., 1991b; Bertazzi et aL.,
1992; Bueno de Mesquita et al., 1993; Collns et al., 1993; Flesch-Janys et al., 1995)
(Table 58).

Mortality from all diseases of the circulatory system was similar to that of general
populations in studies of workers from the Netherlands (Plant A) (Bueno de Mesquita
et al., 1993), the United States (Nitro, West Virginia) (Collins et aL., 1993) and the
United Kingdom (Coggon et al., 1991). ln two studIes of workers with chloracne, mor-
tality was not significantly different from that of the national comparson groups (Bond
et al., 1987; Zober et al., 1990). However, in a study of German chemical workers who
manufactured TCP and 2,4,5- T in addition to chemicals contaminated with higher chlori-
nated PCDDs and PCDFs (Flesch-Janys et al., 1995), mortality from all circulatory
diseases was positively related to estimated 2,3,7,8-TCDD levels and significantly
related to estimated total I-TEQ concentrations above 39 nglkg (lipid-adjusted).

Mortality from more specifie endpoints, including ischaemic hear disease and
cerebrovascular disease, has been reported in sorne studies of TCP production workers
(Bond et al., 1987; Bueno de Mesquita et aL., 1993; Fingerhut et al., 1991b; Flesch-Janys
et al., 1995). With the exception of an increase in risk for ischaemic hear disease with



N
VI

Table 58. Mortality from diseases of the circulatory system in populations exposed to 2,3,7,8-TCDD 00

Reference Population Outcome No. of SMRa 95% CI Cohort size Years of
deaths follow-up

Fingerhut TCP and 2,4,5- T Diseases of the hear (ICD 390- 393 1.0 0.9-1.1 5172 1942-87
et aL. (1991b) production workers, 398,402-404,410-414,420-429)

United States Diseases of the circulatory system 67 0.8 0.6-1.0
(ICD 401, 403, 405, 415-417,
430-438, 440-459)

~Zober et al. 2,4,5- T production Diseases of the circulatory system 1.2 0.8-1.7b 127 1953-87 n
(1990) workers with chloracne, (ICD 390-58) ~

Germany 0
Coggon et al. 2,4,5- T synthesis or Diseases of the circulatory system 74 1.2 0.9-1.5 2239 1975-87

Z0
(1991 ) formulation, United 0

Kingdom ~
Bond et al. United States chemical Diseases of the circulatory system 19 1.0 0.6-1.6 322 1940-82 ::
(1987) production workers Atherosc1erotic hear disease 13 1.0 0.5-1.6

C/
~

with chloracne Vascular lesions of CNS 4 2.1 0.6-5.4 0
(TCP + 2,4,5- T)

l'

~(Michigan)
United States chemical Diseases of the circulatory system 130 1.0 0.8-1.1 2026 1940-82 0'

production: workers AtherosclerotIc hear disease 106 1.1 0.9-1.3
\0

without chloracne Vascular lesions of CNS 10 0.6 0.3-1.2
(TCP + 2,4,5- T)
(Michigan)

Bueno de TCP and 2,4,5- T Diseases of the circulatory system 28 1.0 0.7-1.4 549 1955-85
Mesquita production workers, (ICD 390-58)
et al. (1993) The N etherlands Ischaemic hear disease 20 1.0 0.6-1.6

(ICD 410-14)
Cerebrovascular disease 5 1.2 0.4-2.7

(ICD 430-438)



Table 58 (contd)

Reference Population Outcome No. of SMR" 95% CI Cohort size Years of
deaths follow-up-

Asp et al. Herbicide sprayers, Ischaemic hear disease 148 0.9 0.8-1.1 1909 1972-89 'i0
(1994) 2,4,5-T and 2,4-D, Other hear disease 20 1.0 0.6-1.6 t"

~Fin1and Cerebrovascu1ar disease 26 0.7 0.5-1.0 n
Other vascu1ar disease 9 0.7 0.3-1.4 ::~

Michalek United States Air Force Diseases of the circu1atory system 25 1.0 0.8-1.7 1261 1961-87 0
~et al. (1990) Ranch Hand personnel

CDC Vietnam United States Ary Diseases of the circulatory system 12 OS 0.3-1.0 9324 1965-83 ;p

~Experience Viet Nam veterans (ICD 390-59) U
Study (1988c)

U"'Fett et al. Australian Vi et Nam Diseases of the circu1atory system 20c 1.7 0.9-3.0 19 205 1966-85 t;
tI(1987b) veterans; served;; 12 Viet Nam
~months veterans 0

25677 Non- .t
¡:

Viet Nam ¡:
J

veterans 0"'
Bertazzi et al. Residents of Seveso, Diseases of the circulatory system 11 M:1K 1.0-3.2 556d 1976-86 0

~
(1989) Ita1y, aged 20-74, (ICD 390-59) 6 F: 1.9c 0.8-4.2 ZZone A (high TCDD Ischaemic hear disease 2 M: 1.3c 0.5-3.3 C/

region) Cerebrovascu1ar disease 5 M: 3.3c 1.4-8.0
Bertazzi et al. Residents of Seveso, Diseases of the circulatory system 0 M:NR - 306d 1976-86
(1992) Italy, aged 1-19 years, (ICD 390-59) 2 F: 1.6d 0.3-8.1

Zone A (high TCDD
region)

N
Vl
\0
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Table 58 (contd)

Reference Population Outcome No. of SMR" 95% CI Cohort size Years of
deaths follow-up-

-
Flesch-Janys 2,4,5-T, TCP, Cardiovascular disease 414 1189 1952-92 ~~et al. (1995) Bromophos and 1indane (ICD 390-59) ('

production workers, Estimated 2,3,7,8-TCDD ~
Hamburg, Germany (nglkg of b100d fat) 0

Z0-2.8 1.2c 0.8-1.8 0
2.81-14.4 0.9 0.5-1.4 ci
14.5-49.2 1.4 0.9-2.0

~49.3-156.7 1.6 1.1-2.4 =
156.8-344.6 1.5 1.0-2.4 en

344.7-3890.2 2.0 1.2-3.3 ~0
Ischaenic heart disease t"

~Estimated 2,3,7,8-TCDD
(nglkg of b100d fat) tr

0\
0-2.8 1.4 0.8-2.4 \0
2.81-14.4 0.8 0.4-1.6
14.5-49.2 1.2 0.7-2.2
49.3-156.7 0.9 0.5-1.8
156.8-344.6 1.6 0.9-3.0
344.7-3890.2 2.5 1.3-4.7



Table 58 (contd)

Reference Population Outcome No. of SMR" 95% CI Cohort size Years of
deaths follow-up

Cardiovascular disease 414
(ICD 390-59) ""
Estimated total TEQ levels 0

l'
(nglkg of blood fat) ~n1.0-12.2 0.9 0.6-1.5

P12.3-39.5 0.9 0.6-1.5 0
39.6-98.9 1.5 1.0-2.2 ~
99.0-278.5 1.6 1.1-2.2 Z
278.6-545.0 1.6 1.0-2.6 ;:

""
545.1-4361.9 2.1 1.2-3.5 tr

U
Ischaemic heart disease 0-
Estimated total TEQ levels ti

m
(nglkg of blood fat) Z

1.0-12.2 1.0 0.5-2.0 N0
12.3-39.5 1.0 0.5-1.8 ~
39.6-98.9 1.0 0.5-1.8 ~

~
99.0-278.5 1. 1 0.6-2.0 1

U
278.6-545.0 1.7 0.9-3.3 -0
545.1-4361.9 2.7 1.5-5.0 ~

Collins et al. TCP and 2,4,5-T Diseases of the circu1atory system 188 0.9 0.8-1.0 754 1949-87 Z
vi

(1993) production workers, (ICD 390-58)
USA

"SMR, Standardized mortality ratio
b 90% confidence interva1
cRe1ative risk

d Zone A males and females combined
IV
0\..
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levels of 2,3,7,8-TCDD exposure in one study (Flesch-Janys et al., 1995), ischaemic
hear disease mortality was consistent with background population rates.

The SMRs for circulatory system diseases reported in the varous mortality studies are
close to 1.00, suggesting that the 'healthy worker effect' is not seen in these studies.
Because employed workers are usually healthier than the general population, the SMR
for cardiovascular disease in employed populations tends to be lower than 1.00 (Fox &
Coller, 1976; McMichael, 1976). The absence of a healthy worker effect, in the light of
the positive results of experiments with animaIs, suggests that more detailed analyses
should be conducted for cardiovascular outcomes in the exposed populations.

Studies of Viet Nam veterans have reported nonsignificant increases in the relative
mortality ratio for cIrculatory diseases (Fett et aL., 1987b; Michalek et aL., 1990; Wolfe
et al., 1994).

Bertazzi et al. (1989, 1992) reported increased circulatory disease mortality among
residents of Seveso Zone A (the most highly contaminated region) in both men (RR, 1.8;
95% CI, 1.0-3.2) and women (RR, 1.9; 95% CI, 0.8-4.2). The study was limited by the
small number of subjects and the crude measure of 2,3,7,8-TCDD exposure.

Several other effects of 2,3,7,8- TCDD on the cardiovascular system have been
reported (Bond et al., 1983; Moses et aL., 1984; Suskind & Hertzberg, 1984; Centers for
Disease Control Vietnam Experience Study, 1988a; Roegner et al., 1991; Grubbs et al.,
1995). Statistically significant associations with 2,3,7,8-TCDD exposure were found only
in the Ranch Hand study for diastolIc blood pressure, arhythmas detected on the
electrocardiogram and peripheral pulse abnormalities (Roegner et al., 1991). Significant
increases in blood pressure were found in subjects with serum 2,3,7,8-TCDD levels from
15 to 33.3 ng/kg, but not in those with higher levels.

(i) Pulmonary effects

There is conflicting evidence from controlled epidemiological studies regarding an
association between chronic respiratory system effects and human exposure to
substances contamnated with 2,3,7,8-TCDD. One study of workers involved in pro-
duction ofTCP and 2,4,5-T suggested that 2,3,7,8-TCDD exposure increases the risk for
abnormal ventilatory function (Suskind & Hertzberg, 1984). Ths study found statis-
tically significant decreases in pulmonar function as measured by spirometric eva-
luation. However, the exposed workers were, on average, 10 years older than controls
and therefore had greater potential exposure to 2,4,5- T formulated in powder form, as
used in earlier periods of production, which may have presented a greater risk of
impaired lung function than the liquid form used later.

No association between ventilatory function and serum 2,3,7,8-TCDD was found in
the NIOSH study (Calvert et al., 1991). The Ranch Hand study found significant declines
in the mean FEV¡ and the mean FVC for subjects with serum 2,3,7,8-TCDD levels above
33.3 nglg (adjusted mean FEV!' 91.3%; mean FVC, 87.4%) compared with an

unexposed comparson group (adjusted mean FEV!' 93.5%; mean FVC, 91.7%) (Roegner
et aL., 1991). Smoking appeared to have a greater infuence on lung function than 2,3,7,8-
TCDD exposure. ln a follow-up examination conducted in 1992, no consistent relation-
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ship was found between serum 2,3,7,8- TCD D concentration and respiratory parameters
(Grubbs et al., 1995).

(j) Renal effects

There is little evidence in the human data to suggest that exposure to 2,3,7,8-TCDD is
related to renal or bladder dysfunction. No major renal or bladder dysfunction was noted
among Ranch Hand veterans (Roegner et al., 1991) or among TCP production workers
from West Virginia (Suskind & Hertzberg, 1984) or New Jersey (Poland et al., 1971).

4.2.2 Experimental systems

(a) Species comparisons of toxic effects

(i) Lethality and other major effects

2,3,7,8-TCDD-induced mortality does not occur immediately after exposure, but only
after several days or several weeks, and it is therefore not reasonable to perform animal
experiments studying specifie organ functions during the lag phase between exposure to
potentially lethal doses and death.

A very large number of studies on the acute, subchronic and chronic toxicity of
PCDDs and PCDFs has revealed that the toxic outcome of treatment with a certain
congener or with a mixture of congeners strongly depends on the species, strain and toxi-
cological endpoint investigated. Furthermore, there are remarkable differences in the
potency of individual PCDD or PCDF congeners. The situation is further complicated by
the fact that the relative potency, and probably the dose-response relationship, of a given
congener varies with the experimental system and the parameters of toxicity measured.
Finally, the large differences in doses or dose ranges used contribute to the sometimes
considerable uncertainty when an 'effect of PCDDs/PCDFs on a certain biological
parameter is discussed.

However, there is no doubt that potent PCDDs/PCDFs have a number of charac-
teristic toxic effects in common, which make them an almost unique example for a
distinct class of toxic substances. Among the toxic responses consistently observed in all
mammalian species tested so far are a progressive loss of body weight, a reduced intake
of food, atrophy of the thymus, gastrointestinal haemorrhage and delayed lethality (Safe,
1986; Vanden Heuvel & Lucier, 1993). Other characteristic signs of toxicity are
frequently found in the Ii ver, skin and organs of the endocrine system (see Tables 59 and
60 for 2,3,7,8-TCDD data). The most sensitive endpoints for 2,3,7,8-TCDD effects are
listed in Table 61.

An early report on the acute toxicity of 2,3,7,8-TCDD, 2,7-DCDD, an unspecified
HxCDD and OCDD in animaIs was published by Schwetz et al. (1973). The authors
reported the much higher acute toxicity of 2,3,7,8-TCDD compared with HxCDD or
OCDD in guinea-pigs and rabbits. Furthermore, the acnegenic, teratogenic and hepato-
toxic properties of2,3,7,8-TCDD and HxCDD were described.
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Table 59. Acnte lethality of 2,3,7,8-TCDD in varions animal species and strains

Species/strain (sex) Administration LD 50 (/lglkg) Time of death Follow-up Body weight References
(days after (days) lossa (%)
exposure)

Guinea-pig/Harley (male) Oral 0.6-2.0 5-34 NR 50 Schwetz et aL. (1973);
30 McConnell et aL. (1978a); ..

DeCaprio et aL. (1986) ~:;Mink (male) Oral 4.2 7-17 28 31 Hochstein et aL. (1988) n
ChickenI Oral -0 25 12-21 NR NR Greig et aL. (1973) s:0
Rhesus monkey (female) Oral c.70 14-34 42-47 13-38 McConnell et al. (1978b) Z0
Rat/ong-Evans (male) Intraperitoneal c.1O 15-23 48-49 39 TuomIsto & Pohjanvirta c:

~(1987)
RaUSherran, Sparan Oral 9-27 NR NR Schwetz et aL. (1973) ::

CI
(male) 22 ~
(fema1e) 13-43 0

L-
RaUSprague-Dawley (male) Oral 43 28-34 30 or until NR Stahl et aL. (1992a) ~death tI

20 Beatty et aL. (1978)
0\Rat/Sprague- Daw ley Intraperitoneal NR NR \0

(male) 60
(female) 25
(weaning male) 25

Rat/ischer Harlan (male) Oral 340 28b 30 43 Walden & Schiller (1985)
Rat/an- Wistar (male) Intraperitonea1 :; 3000 23-34 39-48 40-53 Pohjanvirta & TuomIsto

(1987); Pohjanvira et al.
(1987)



Table 59 (contd)

Species/strainlsex Administration LD 50 (/lglkg) Time of death Follow-up Body weight References
(days post- (days) lossa (%) 'i
exposure ) 0

L'~
Mouse C57BL/6 (male) Oral 181 24b 30 25 Chapman & Schiler ('

plDBA212J (male) 2570 21 b 33 (1985) 0B6D2Fl (male) 296 25b 34

~Mouse C57BL/6 Intraperitoneal 132 NR NR NR Neal et aL. (1982) ;.DBA2 620
gB6D2Fl 300 0

Rabbit/ew Zealand White Oral 115 6-39 NR NR Schwetz et aL. (1973) t:-
(male and female) Dermal 275 12-22 22 NR ti

m
Rabbit/ew Zealand White Intraperitoneal ca. 50 7-10 10-20 14.5 Brewster et aL. (1988) Z

N
(male and female) 0

.,Syrian hamster (male and Oral 11 57-5051 2-43 50 NR Henck et aL. (1981) s:
~female)
1

t:Syrian hamster (male and Intraperitoneal ;: 3000 14-32 50 r Olson et aL. (1980) -0female) ~-
Z
ena Of dead animals

b Mean time to death
C Data from five animaIs

NR, not reported

N
0\
VI
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Table 60. Acute toxIc responses following exposure to 2,3,7,8-TCDD: species differencesa

Response Rhesus Guinea- Mink Rat
monkey pig

Mouse Rabbitb Chickenb Syrian
hamster

Hyperplasia or metaplasia
Gastrc mucosa ++
Intestinal mucosa +
Urinar tract ++
Bile duct and/or gall-bladder ++
Lung: focal alveolarSkin ++

Hypoplasia, atrophy, or necrosisThymus +Bone marow +Testic1e +
Other lesions
Liver lesions +
Porphyria 0Oedema +
Haemorrhage +

o +

I
o o o

++
o

o

+

+
+

:t
o
o
+ +

++

~n
~ozoo
~
::
C/

..o~
~t'
0\
\C

o o
++ o

++
o o ++ o

+ +

I
+

+
+

+

+

+ +

+

+
o

:t
o
+
++

++
++
+
+

+

+

++

+

0, lesion not observed; +, les ion observed; ++, severe lesion observed; I, les ion observed to a very limited
extent; blank, no evidence reported in the lIterature.
a References: Kimmg & Schulz (1957a); Allen & LalIch (1962); Vos & Koeman (1970); Vos & Beems (1971);

Greig et al. (1973); Gupta et aL. (1973); Norback & Allen (1973); Schwetz et aL. (1973); Vos et al. (1974); Allen
et aL. (1977); Kociba et al. (1976, 1978); McConnell et al. (1978a,b); Kociba et aL. (1979); Moore et aL. (1979);
McConnell (1980); OIson et aL. (1980); Henck et aL. (1981); Turner & Collns (1983); Hochstein et al. (1988)
b Responses followed exposure to 2,3,7,8-TCDD or structurally related chlorinated hydrocarbons.



Table 61. No observed-effect and lowest-observed-effect levels (NOEL and LOEL) of 2,3,7,8-TCDD for mammalian
species-
Species Experimental design NOEL LOEL Effect Reference

Rhesus 0.5 /.g/kg in food, 9 months 12 ng/kg/ d Death Allen et al. (1977)
monkey 2 /.g/kg in food, 61 days 50 ng/kg/d Death McNulty (1977)

0.05 /.g/kg in food, 20 months 1.5 ng/kg/d Hair loss Schantz et aL. (1979) '"5 and 25 ng/kg in food to mother, 0.126 ng/kg/d Object recognition, juvenile Bowman et al. a
l'4 years

(1989b) ~5 and 25 ng/kg in food to mother, 0.642 ng/kg/d Prenatal death Bowman et aL. n
::4 years

(1989a); Hong et aL. l'
(1989) a

~9 x 22- 111 ng/kg to mother, 9 xlII ng/kg Prenatal death McNulty (1984)
days 20-0 of pregnancy ;i

--25 ng/kg in food to mother, 0.642 ng/kg/d Change in lymphocytes Hong et aL. (1989) tI
4 years v

05 and 25 ng/kg in food to mother, 0.126 ng/kg/d Endometrosis Rier et al. (1993)
534 years tI
ZMaroset 3 ng/kg, 1 X orally 3 ng/kg Induction of CYP1A2 Kreger et al. (1990) Na0.3 ng/kg/wk x 24 wk 0.135 ng/kg/d Change in lymphocytes Neubert et aL. (1992) ~1.5 ng/kg/wk x 6 wk + 0 x 12 wk chronic: ¡:

~Sprague- 2 ng/kg, 1 x orally 0.6 ng/kg 2 ng/kg Induction of CYP1A1 Kitchin & Woods 10Dawley rat
(1979)

'"a1-100 ng/kg/d, orally, 2 years 1 ng/kg/d 10 ng/kg/d Porphyria Kociba et al. (1978) ~'"14-1024 ng/kg/d, orally, -c 14 ng/kg/d 14 ng/kg/d Less vitamn A van Birgelen et al. Zu:3 months
(1995a)

14-1024 ng/kg/d, orally, 0.3 ng/kg/d 14 ng/kg/ d Induction of CYP1A1 van Birgelen et aL.
3 months

(1995a)
14-1024 ng/kg/d, orally, 0.5 ng/kg/d 14 ng/kg/d Induction of CYl1A2 van Birgelen et aL.
3 months (1995a)
1-100 ng/kg to mother, chronic 1 ng/kg/d mth 10 ng/kg/d Prenatal death Murray et aL. (1979)
30 ng/kg/d to mother, days 6-15 30 ng/kg/d mth Prenatal death Sparchu et aL. (1971)
of pregnancy tv

0'-.
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Table 61 (contd)

Species Experimental design NOEL LOEL Effect Reference

Sprague- 100-10 000 nglkg/d, 30 d 100 nglkg/d Lower serum glucose Zink et al. (1973) ,.
Dawley rat ;i

Ca1culated with data from 0.01 nglkg/d 0.1 nglkg/d CYP1A induction Kohn et aL. (1993) ~~
Tritscher et aL. (1992) and Sewall 0.1 nglkg/d 1 nglkg/d CYl1A2 induction ~
et aL. (1993); 3.5-10, 7-35, 0.1 nglkg/d 1 nglkg/d Ah receptor induction 0
7-125 nglkg/d, 30 wk 0.1 nglkg/d 1 nglkg/d EGF receptor induction Z0

0.1 nglkg/d 1 nglkg/d Oestrogen receptor induction ci

Holtzmann 64 nglkg/d to mother, day 15 of 64 nglkg/d Decrease in male reproductive Mably et aL. ~
""

rat pregnancy capacity (1992a,b) ::
CI

C57BL/6 1 nglkglwk, 4 wk intraperito- 1 nglkg/wk Immunosuppression, low CTL Clark et aL. (1983) -c
mouse neally generation 0r
B6C3F1 10 nglkg, 7 days after fertilization 10 nglkg, d 7 Increase in viral infection Lebrec & Burleson ~mouse ( 1994) m

Guinea-pig 8-200 nglkg/wk, 8 wk 8 nglkg/wk Imunosuppression Vos et aL. (1973) 0'\0
200 nglkg/wk Lower response to tetanus

toxin

wk, week(s); d, day(s); EGF, epidermal growth factor; CTL, cytotoxic T-Iymphocyte
a Ca1culated



POL YCHLORIA TED DIBENZO-para-DIOXIS 269

Guinea-pig

Guinea-pigs are among the most sensitive species towards 2,3,7,8- TCDD and other
PCDDs and PCDFs, with regard to lethality (Plüss et aL., 1988a), with 90% dying from a
single 3 ¡.g/kg dose (Hars et al., 1973). The mean time interval until death was 18 days,
and a large weight loss over a period of days preceded death. Thymic atrophy was
observed after treatment with weekly doses of 0.008 ¡.g/kg 2,3,7,8-TCDD over four to
five weeks (Gupta et al., 1973). Other lesions were haemorrhages, hyperplasia of the uri-
nar bladder mucosa and atrophy of the adrenal zona glomerulosa. ln a subchronic study,
DeCaprio et al. (1986) treated guinea-pigs with varous doses of 2,3,7,8-TCDD in the
diet for up to 90 days. At a total dose of 0.44 ¡.g/kg, anmals exhbited a decreased rate of
body weight gain and increased relative Ii ver weights. Male animals also displayed a
reduction in relative thymus weights and elevated serum levels of triglycerides, while
females showed hepatocellular cytoplasmic inclusion bodies and lowered serum AL T
activities. A no-observed-effect level of approximately 0.65 ng/kg per day for prolonged
exposure was calculated for these lesions.

After a single lethal dose of 2: 10 ¡.g/kg 2,3,7,8-TCDD, there was a marked reduction
in the size of the thymus, loss of body fat and reduction of muscle mass in guinea-pigs.
Histopathological examination revealed epithelial hyperplasia in the renal pelvis, ureter
and urinar bladder, hypocellularty of the bone marow and seminiferous tubules and
loss of lymphocytes in thymic cortex, spleen and Peyer' s patches, whereas no marked
pathological alterations of the liver were evident (Moore et aL., 1979). After treatment of
guinea-pigs with 20 ¡.g/kg 2,3,7,8-TCDD, hepatocellular hypertophy, steatosis, focal
necrosis and hyalin-like cytoplasmic bodies as well as hepatic focal necrosis were
observed in a study by Turner and Collns (1983).

Rat

The single oral LDso value of four PCDDs in male Sprague-Dawley rats was deter-
mined to be 43 ¡.g/kg for 2,3,7,8-TCDD, 206 ¡.g/kg for 1,2,3,7,8-PeCDD, 887 ¡.g/kg for
1,2,3,4,7,8-HxCDD and 6325 ¡.g/kg for 1,2,3,4,6,7,8-HpCDD (Stahl et al., 1992a).
A mixture containing all four congeners in a predicted equitoxic amount showed strctly
additive toxic effects.

The discovery of a more than 300-fold difference in acute LDso values for 2,3,7,8-
TCDD between the Long-Evans and Hanistar rat strains led to a number of studies
aimed at elucidating the biochemical basis of thIs difference. Hanistar rats are extra-

ordinarly resistant towards 2,3,7,8-TCDD (Pohjanvirta & Tuomisto, 1987). Doses of
125-1400 ¡.g/kg resulted in marked decreases in food consumption, and in a decrease of
20-25% in body weight. However, the lethality to the anmals was low (two of 40 died).
A similar strain difference exists for 1,2,3,7,8-PeCDD, whereas it was much less
pronounced for 1,2,3,4,7,8-HxCDD (Pohjanvira et aL., 1993). Genetic crossings between
Long-Evans and Hanistar rats suggest that 2,3,7,8-TCDD resistace is the dominant
trait in the rat. Two (or possibly thee) genes seem to regulate resistance (Pohjanvir,
1990). However, even withIn a given rat strain, such as Long-Evans or Han/ista,
substrains with markedly differing sensitivity towards 2,3,7,8-TCDD may exist.
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Therefore, a critical analysis of 2,3,7,8-TCDD sensitivity in the used animaIs is required
(Pohjanvirta & Tuomisto, 1990a). Most toxic effects are similar in both strains, the
Long-Evans strain, however, being more sensitive. ln the Ii vers of Long-Evans rats, a
(lethal) dose of 50 f.g/kg bw 2,3,7,8-TCDD caused marked hepatocyte swelling, vacuoles
probably containing fat in the cytoplasm, multinuclear cells (up to eight nuclei) and
accumulation of inflammatory cells in hepatic sinusoids (Pohjanvira et al., 1989a). At
the same dose, Han/istar rats showed slight cytoplasmic swelling and irregular haema-
toxylin-eosin staining. Thymic atrophy was seen in both strains, the Long-Evans strain
being about 10-fold more sensitive than the HanJistar strain. Furthermore, pronounced
reduction in serum T4 and increases in TSH, corticosterone and free fatty acids were
observed in Long-Evans rats.

ln CD rats, moderate thymic atrophy was observed after treatment with 1 f.g/kg per
day over four to five weeks (Gupta et al., 1973). Other effects were haemorrhages,

degenerative changes in kidney and thyroid, increase in megakarocytes in, spleen,
lymphoid depletion of the spleen and lymph nodes and severe liver lesions. Female CD
rats were slightly more sensitive than males (Hars et aL., 1973). A more sensitive
indicator of 2,3,7,8-TCDD exposure than body weight reduction was a decrease in
thymus weight. Blood coagulation was not significantly affected in five-week-old rats
that had received 1 f.g/kg 2,3,7,8-TCDD (Bouwman et al., 1992).

ln a 13-week oral toxicity study in adult Sprague-Dawley rats (Kociba et al., 1976;
Goodman & Sauer, 1992), 1 f.g/kg 2,3,7,8-TCDD per day caused some mortality,
inactivity, decreased body weights and food consumption, icterus, pathomorphological
changes in the liver, lymphoid depletion of the thymus and other lymphoid organs and
minimal alterations of sorne haematopoietic components. Doses of 0.1 f.g/kg 2,3,7,8-
TCDD per day also caused decreased body weights and food consumption and lymphoid
depletion. Effects seen only in males given this dose level included a depression in
packed blood cell volume, red blood cells and haemoglobin. Lower doses (0.01 or 0.001
f.g/kg 2,3,7,8-TCDD per day) did not affect any of the measured parameters, except for a
slight increase in the mean liver-to-body weight ratio in rats given 0.01 f.g/kg 2,3,7,8-
TCDD per day. A single dose of 1 or 10 f.g/kg 2,3,7,8-TCDD led to a pronounced
reduction in blood glucose. ln female Sprague- Dawley rats, chronic daily intake of
47 ng/kg 2,3,7,8-TCDD resulted in a decrease in plasma concentration of thyroid
hormone (total T4) and body weight. More sensitive parameters influenced at 14 ngJkg
per day were a decrease in relative thymus weight, loss of hepatic retinoids and induction
of CYPIAI and CYPIA2 activities in the liver (van Birgelen et al., 1995a). Hepatic
CYPIAI and CYPIA2 were induced at comparable doses of 2,3,7,8-TCDD in both mice
and rats (Smialowicz et al., 1994).

Hamster
ln the Syrian hamster, 2,3,7,8-TCDD treatment led to loss of body weight and thymic

atrophy, while no histopathological changes were seen in the liver, spleen, kidney
adrenals or hear (OIson et aL., 1980). Oral treatment resulted in moderate to severe Ileitis
and peritonitis in many animaIs, associated with marked hyperplasia with mild to severe
haemorrhage and necrosis of the mucosal epithelium.
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Inter-species rodent comparisons

ln a comparative study in rats, mIce and guinea-pigs (Zink et al., 1973), 2,3,7,8-
TCDD was found to cause acute/subacute increases in serum levels of alanine amIno-
transferase (ALT, previously SGPT) and aspartate amInotransferase (AST, previously
SGOT), cholesterol and bilrubin in rats after a single dose of 1 or 10 ¡.g/kg bw. Histo-
pathological examination also suggested that the liver is highly sensitive to 2,3,7,8-
TCDD in rats but not in guinea-pigs and mice. Furthermore, significant reductions in
numbers of platelets in the peripheral blood of rats and guinea-pigs, and lymphopenia in
mIce and guinea-pigs were evident.

ln male C57BL/6 mIce (Gasiewicz et aL., 1980) and guinea-pigs, varous PCDD
congeners were administered as a single oral dose (McConnell et al., 1978a). LDsos of
2 ¡.g/kg in guinea-pigs and 283.7 ¡.g/kg in mIce were determned for 2,3,7,8-TCDD. The
acute toxicity of 2,3,7,8-substituted PCDD was in the following rank order: 1,2,3,4,6,7,8
-: 1,2,3,7,8,9 = 1,2,3,6,7,8 = 1,2,3,4,7,8 -: 1,2,3,7,8 -: 2,3,7,8. ln both species, 2,3,7,8-
TCDD strongly reduced the thymus weight due to a reduction in cortical lymphocytes.
Significant macroscopic or histopathological hepatic effects including porphyria were
observed only in the mouse. Hyperplasia of the transitional epithelium in the urinary tract
was found in guinea-pigs.

The relative toxicity of four different congeners was found by Rozman et al. (1993) to
be similar in guinea-pigs and Sprague-Dawley rats following acute, subchronIc or

chronic dosing. Furthermore, the dose-response relationships for 2,3,7,8-TCDD con-
cernng the endpoints mortality, porphyria and carcinogenicity were very similar. There-
fore, the authors suggested that the product of average tissue concentration and time can
describe the toxicity for a given congener.

Rhesus monkey

ln rhesus monkeys (Macaca mulatta) fed toxic fat containing 2,3,7,8-TCDD, gastric
hyperplasia and ulceration, hydropericardium, ascites, reduced spermatogenesis, focal
liver necrosis, decreased haematopoiesis, skin lesions and eventual mortality were
observed (Allen et al., 1977). ln an earlier study (Norback & Allen, 1973), atrophy of the
lymph tissue, liver enlargement and a reduction in the number of spermatocytes in the
testes were also reported.

Following administration of a single dose of 70 ¡.g/kg 2,3,7,8-TCDD by gastric instil-
lation to rhesus monkeys, McConnell et al. (1978b) observed weight loss, blepharitis,
loss of fingernails and eyelashes, facial alopecia with acneform eruptions, mild anaemia,
neutrophilia, lymphopenia and a decrease in serum cholesterol with an increase in serum
triglyceride concentrations. The liver, adrenal gland and kidney showed increased
relative organ weight, whereas the thymus was dramatically reduced in size due to a loss
of cortical lymphocytes. Histopathological examination revealed hyperplastic and meta-
plastic changes in sebaceous glands, especially in the eyelid (meibomian glands) and ear
canal, together with epithelial hyperplasia in the renal pelvis, stomach, gall-bladder and
bile duct, whereas the histology of the liver parenchyme was relatively normaL.
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Cachexia

One of the most string effects of 2,3,7,8-TCDD in all mammalIan species tested so

far is body weight loss combined with a reduced intake of food. From a pair-feeding
experiment, hypophagia was suggested to be the major factor leading to wasting in
guinea-pigs, Fischer 344 rats and C57BL/6 mice (Kellng et al., 1985). However,
lethality was only parially due to body weight loss, since the lethality, in paricular in
rats and mice, was significantly lower among pair-fed controls than among 2,3,7,8-
TCDD-treated animaIs. Similarly, total parenteral nutrition, preventing the body weight
loss associated with 2,3,7,8-TCDD toxicity in rats after a single dose of 100 /lg/kg bw,
did not prevent death (Gasiewicz et aL., 1980).

Seefeld et aL. (1984a) reported that 2,3,7,8-TCDD-treated rats maintained their body
weight at a lower, nearly constant percentage of that of control rats fed ad libitum. The
authors concluded from this and a number of additional experiments that the target level
for body weight is reduced under the influence of 2,3,7,8-TCDD. Hypophagia relative to
untreated animaIs was suggested to be the key symptom of this down-regulation of body
weight, whereas malabsorption or less efficient feed utilzation did not play a decisive
role (Seefeld et al., 1984b). The role of hypophagia in weight loss, and the changes in
carbohydrate and lipid metabolism observed after 2,3,7,8-TCDD treatment, were

questioned by Chapman and Schiller (1985), who found no influence of 2,3,7,8-TCDD
on the cumulative amount of feed consumption by C57BL/6 mice until the animaIs
became moribund. ln addition, the alterations in serum glucose and lipid concentrations
in fasted mice were very different from those induced by 2,3,7,8-TCDD exposure. ln
DBN2J mice bearng a low-affinity Ah receptor, dose-response experiments showed
comparable changes in glucose and lipid parameters when the animaIs were exposed to
10-fold higher doses of 2,3,7,8-TCDD than C57BL/6 mice.

ln a series of experiments, Pohjanvirta and Tuomisto (1990b) administered sodium
chloride, 2-deoxy-D-glucose, sodium mercaptoacetate, insulin, naloxone, glucose or
fructose to 2,3,7,8-TCDD-treated or control rats. 2,3,7,8-TCDD caused an attenuation of
feeding responses to metabolic deficits, resulting, for example, in severe hypoglycaemia
(Pohjanvirta et aL., 1991a), but induced hypersensitivity to peripheral satiety signaIs. The
central nervous system was suggested to play a crucial role in these effects. Transfusion
of blood from rats with 2,3,7,8-TCDD-induced appetite suppression into untreated rats
did not affect their feed intake, whereas transfusion of blood from normally sated rats did
(Rozman et al., 1991). This indicated that 2,3,7,8-TCDD treatment does not increase a
satiety-signallng factor in blood but may rather suppress the formation of hunger-related
signaIs. Evidence for the involvement of a serotonergic mechanism was derived from the
finding that 2,3,7,8- TCDD increased the levels of tryptophan and its metabolites
serotonin and 5-hydroxyindoleacetic acid in blood and brain.

2,3,7,8-TCDD treatment also produced a longer-lasting suppression of feed intake
afer oral treatment with glucose than in untreated rats (Pohjanvira et aL., 1991b) and

induced aversion to eating energy-providing food, irrespective of Its type (pohjanvirta &
Tuomisto, 1990c). From another series of experiments in rats, including behavioural,
biochemical and antiemetic approaches, it was concluded that nausea canot explain the



POL YCHLORIATED DIBENZO-para-DIOXIS 273

lethal wasting syndrome (Pohjanvirta et al., 1994a). Food intake and body weight loss
after 2,3,7,8-TCDD treatment of Long-Evans rats did not change after either vagotomy
or portocaval anastomosis resulting in a circumvention of the lIver and a direct blood

flow from the intestine to extrahepatic organs (Tuomisto et al., 1995).
Cachexia observed after 2,3,7,8- TCDD treatment can also be induced with certain

cytokines such as the endotoxin-responsive tumour necrosis factor a (TNFa) (Döhr
et al., 1994), which led to the suggestion that TNFa might mediate the acute toxicity of
2,3,7,8-TCDD. ln fact, mortality following a single 2,3,7,8-TCDD dose of 300 Ilg/kg in
male C57BL/6J mice was significantly reduced by treatment with the anti-inflammatory
corticoid dexamethasone or with anti- TNa antibodies (Taylor et al., 1992). ln endo-

toxin-non-responsive C3H/eJ mice, Clark and Taylor (1994) found no trend in body
weight loss after a single 2,3,7,8-TCDD dose of 350 Ilg/kg, while endotoxin-responsive
C57BL/6 mice demonstrated a statistically significant decline in body weight. However,
pathological effects, such as peritoneal infiltration and hepatotoxicity, were also
observable in C3H/eJ mIce.

Mechanistic studies oftoxicity
Early attempts to investigate the mechanism of action of 2,3,7,8-TCDD in cell culture

were made by Knutson and Poland (1980). ln 23 cultured cell types including rat
hepatoma cells and primar hepatocytes, mouse fibroblasts and human epithelial cell
lines, no morphological abnormalities were observed with 10-7-10-11 M 2,3,7,8-TCDD.
Analysis of trypan blue exclusion or cell proliferation in a number of cell types also
failed to show any toxicity. Also, arl hydrocarbon hydroxylase activity was inducible
only in a subgroup of cell types including most hepatoma cell lInes, sorne mouse embryo
cell lines and primar rat and chicken hepatocytes.

The fundamental role of the Ah receptor for the toxicity of 2,3,7,8-TCDD (see

Section 4.3) was demonstrated by Poland and Glover (1979). DBA/2J mIce, which have
a low-affinity receptor, were approximately 10-fold less sensitive to thymic involution
afer 2,3,7,8-TCDD treatment than C57BL/6J mice, a result that precisely matches the
10-fold difference in affinity of 2,3,7,8-TCDD for the Ah receptor (Erna et aL., 1994).
Furthermore, the capacity of other halogenated aromatic hydrocarbons to produce thymic
atrophy corresponded to their capacity to bind to the receptor. The same dependence on
receptor affinity applied to the production of cleft palate and to the reduction of the
adipose-type (type 4) glucose transporter (GLUT) in adipose tissue and of the brain-type
transporter GLUTI in brain (Liu & Matsumura, 1995).

Comparson of low-affinity Ah receptor (Ahd/Ahd) with congenic wild-type high-
affnity (Ahb/Ahb) Ah receptor mice revealed LDso values for 2,3,7,8-TCDD of 3351 and
1591lg/kg, respectively. A similar diference in dose-response was found for the
decrease in body weight, increase in liver weight and decreases in the weight of thymus,
spleen, testes and epididymal fat pad (Birbaum et al., 1990). Okey et aL. (1995) pointed
out the strong genetic link between the Ah receptor and the sensitivity of different mouse
strains towards a wide varety of toxic outcomes in vivo such as thymic atrophy,
induction of cleft palate and porphyria (Jones & Sweeney, 1980; Poland & Knudson,
1982).
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It has been claimed, however, that the discrepancy between the Han/istar and Long-
Evans rats cannot be explained on the basis of Ah receptor concentration, and that
differences in the acute toxicity of 2,3,7,8-TCDD between Long-Evans and Sprague-
Dawley rats are not related to Ah receptor-mediated induction of ethoxyrufin-O-

deethylase activity (Fan & Rozman, 1994). ln a reply, Okey et al. (1995) pointed out that
the very diversity of tissue-selective and species-selective responses elicited by 2,3,7,8-
TCDD almost requires that the receptor is par of a multicomponent system. Therefore, it
is unlikely that the differences in dose-response are related solely to differences in Ah
receptor concentrations or affinities in varous species or tissues. ln particular, conclu-
sions on the relative susceptibilty of different species cannot be drawn on the basis of
receptor data only.

Fernandez-Salguero et aL. (1995) demonstrated that Ah receptor-deficient mIce are
relatively unaffected by doses of 2,3,7,8-TCDD (2000 Jlg/kg) 10-fold higher than those
found to induce severe toxic and pathological effects in litter mates expressing a
functional Ah receptor.

(ii) Skin

The occurrence of cutaneous lesions after treatment with 2,3,7,8-TCDD and related
compounds has been described primarily in humans and non-human primates; most
rodent species do not represent suitable experimental models for the study of such
lesions. The development of a strain of hairless mIce susceptible to the skin toxicity of
2,3,7,8-TCDD was an important first step to provide such a mode!.

ln haired and hairless newbom and adult mice, skin application of 2,3,7,8- TCDD
caused an involution of sebaceous glands (Puhvel & Sakamoto, 1988). Epidermal hyper-
plasia and hyperkeratinization, however, were induced in the hairless mice only. The
density of inflammatory cell infiltrates in the skin was not reduced by topical treatment
with anti-inflammatory agents. The distinct pattern of chloracne observable in hailess
mice (Puhvel et aL., 1982) did not include the hyperkeratinization of the sebaceous

follcles that is typical of human chloracne. Histopathological changes observed with all
acnegenic compounds were epidermal hyperkeratosis and hyperplasia, loss of sebaceous
glands, keratinization of intradermal pilar cysts and diffse lymphohistiocytic infltration
of the derms. Atrophy or complete absence of the haï follicles was evident in severe
lesions (Hébert et al., 1990b). ln these cases, the epiderms was atrophie with kera-
tinization.

Skin application of 2,3,7,8-TCDD to hairless mIce produced an increase in relative
Ii ver weight after treatment with 5 ng per week, and a decrease in relative thymus weight
after treatment with 20 ng per week over 20 weeks (Hébert et aL., 1990a).

Connor et al. (1994) showed that the acute systemic toxicity of2,3,7,8-TCDD is even
higher in mice bearng the recessive mutation hairless (hr). Vitamn A deficiency
enhanced the dermal but not the systemic toxicity of 2,3,7,8-TCDD after dermal appli-
cation to hairless mice (Puhvel et aL., 1991). 2,3,7,8-TCDD treatment did not affect cuta-
neous vitamIn A levels. Using an ear bioassay for acnegenic activity, Schwetz et al.
(1973) showed that the rabbit is higWy sensitive to the acnegenic effect of 2,3,7,8-
TCDD; a single treatment with a solution containig 4 nglmL 2,3,7,8-TCDD led to a
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positive result. ln rhesus monkeys, a single dose of 1000 ng/kg bw 2,3,7,8-TCDD
induced chloracne (McNulty, 1975).

The abilty of 2,3,7,8-TCDD and 1,2,4,7,8-PeCDD to induce a flat, cobblestone-like
morphology was studied in a non-keratinizing derivative (XBF) of the keratinizing XB
mouse epithelial cellline cocultured with irradiated 3T3 feeder cells. The minimal con-
centrations required to produce these changes from the normal spindle-shape cells, over a
14-day exposure period, were 0.0032 ¡.g/L (ppb) for 2,3,7,8-TCDD and 0.359 /lg/L for
1,2,4,7,8-PeCDD (Gierthy & Crane, 1985).

The growth inhibitory effect of transformng growth factor (TGP) ß 1 in the human
squamous carcinoma cell lines, SCC-15G and SCC-25, was not affected by 10-8 M
2,3,7,8-TCDD (Hébert et al., 1990b). Furthermore, 2,3,7,8-TCDD had no effect on
binding of 125I-labelled TGFßl to SCC-15G cells or secretion of TGFßl by them, while
TGFßl suppressed the induction of 7-ethoxyresorufin O-deethylase (EROD) activity.
The authors concluded that 2,3,7,8-TCDD and TGFßl exert their opposite effects on
proliferation of the SCC lines by independent mechanisms.

ln two human squamous carcinoma cell lines, 0.1 or 1 nM 2,3,7,8-TCDD induced
proliferation (Hébert et al., 1990c). Ths effect was detectable only in cells exposed at
subconfluent density, indicating that 2,3,7,8-TCDD prevented normal density-dependent
growth arest. ln addition, 2,3,7,8- TCDD inhibited differentiation, measured as keratin
staining, and envelope formation in the presence of calcium ionophore. When XB cells
derived from a mouse teratoma were cultured at high density, cocultured with irradiated
3T3 feeder-celIs, 5 x 10-11 M 2,3,7,8-TCDD produced maximal keratinization (Knutson
& Poland, 1980). The potency of other Ah receptor agonists to induce keratinization
correlated with their binding affinities to the receptor.

ln human cultured epidermal celIs, 2,3,7,8-TCDD decreased the number of small
(basal) cells and DNA synthesis, while increasing the number of cells containing sponta-
neous envelopes (which consist of insoluble cross-linked proteins beneath the plasma
membrane; an indicator of termnal differentiation of epidermal keratinocytes), as well as
the number of envelope-competent cells (Osborne & Greenlee, 1985). On the basis of
these findings, it was proposed that 2,3,7,8- TCDD enhances termnal differentiation in
epidermal basal cells (Hudson et aL., 1986), leading, for example, to hyperkeratinization.
T3 and T4 did not produce hyperkeratinization in human epidermal cells or in the SCC-
12F human keratinocyte cell line, indicating that 2,3,7,8-TCDD and thyroid hormone
effects on the skin are mediated by different mechanisms (Osborne et al., 1987).

ln non-transformed human keratinocytes, 2,3,7,8-TCDD treatment caused an increase
in the state of differentiation, as judged by an increase in cross-linked envelope for-
mation, and an increase in stratification and keratin staining (Gaido & Maness, 1994).

(üi) Nervous system

The possible links between the anorexigenic potency of 2,3,7,8-TCDD and biogenic
amnes at central nervous sites controlling body weight and food intake were investigated
in a number of reports. After measuring noradrenalne, dopamne, dihydroxyphenylacetic
acid, homovanllic acid, 5-hydroxytryptame, 5-hydroxyindoleacetic acid, tryptophan
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and histamne in the brain and pituitar gland of 2,3,7,8-TCDD-treated male Long-Evans
rats, Tuomisto et al. (1990) concluded that 2,3,7,8-TCDD caused minor changes in brain
neurotransmitter systems, which were not likely to cause 2,3,7,8-TCDD-induced

hypophagia. Eight days after intraperitoneal injection with 1000 ¡.g/kg 2,3,7,8-TCDD, a
significant increase in tryptophan concentration of about 20% was found in the lateral
hypothalamic area and in lateral and medial accumbens nuclei (Unkla et al., 1993a).
Furthermore, a slight tendency to diminished dopamine, serotonin and/or 5-hydroxy-
indoleacetic acid levels in varous brain sites was found during the first day after
exposure. Histamne concentrations were not changed in a number of discrete brain
nuclei but in the median eminence, 25 h after a single intraperitoneal dose of 1000 l.g/kg
2,3,7,8-TCDD (Tuomisto et al., 1991). Unkla et al. (1994a) found a selective increase in
brain serotonin turnover in 2,3,7,8-TCDD-susceptible Long-Evans but not in 2,3,7,8-
TCDD-resistant Han/istar rats. The authors related thIs to increased plasma levels of
tryptophan, possibly resulting from inhibited trptophan catabolism in the lIver. Direct
application of 2,3,7,8-TCDD into the lateral cerebral ventrcle of rats, leading to much
higher brain concentrations than intravenous administration of the same dose, did not
cause appetite suppression or loss of body weight, whereas animaIs treated intravenously
displayed the cachectic syndrome (Stahl & Rozman, 1990). ln contrast, Pohjanvirta et al.
(1989b) reported that intracerebroventricular injection of 2,3,7,8-TCDD into male
Han/istar or Long-Evans rats depressed food intake more severely than subcutaneous
administration.

Hanneman et aL. (1996) recently reported that 2,3,7,8-TCDD induces rapid calcium
uptake in rat hippocampal neuronal cells, accompanied by decreased mitochondral
membrane potential and increased neuronal membrane protein kinase C activity.

ln young male Han/istar rats, a single intraperitoneal dose of 1000 ¡.g/kg 2,3,7,8-
TCDD did not lead to changes in behaviour or motility (Sirkka et al., 1992). ln pari-
cular, spontaneous motor activity, anxiety scores, passive avoidance learing, motor
coordination and nociception were not altered markedly. A slowing of sensory and motor
conduction velocities was observed in male Wistar rats 10 months after a single intra-
venous injection of 2.2 ¡.g/kg 2,3,7,8- TCDD. Histopathological examnation of peri-
pheral nerves revealed a progressive, and proximally accentuated neuropathy (Grehl
et al., 1993).

(iv) Liver

ln male rhesus monkeys, an oral dose of 5 ¡.g/kg bw 2,3,7,8- TCDD caused an initial
mild increase in indocyanine green blood clearance followed by a slight decrease
(Seefeld et al., 1979). Serum glutamc pyruvate transamnase and sorbitol dehydrogenase
levels were increased. Light microscopy of the lIvers revealed fatty infltration with
minimal hepatocellular necrosis. ln rats, hepatotoxic reactions were characterized by
swellng of hepatocytes, fatty metaorphosis and ultiately necrosis afer treatment with
10 l1g/kg 2,3,7,8-TCDD per day over 10-13 days (Gupta et aL., 1973). At thIs time, there
was also an increase in serum transamnase activities. Thereafter, the hepatic lesions
progressed and more parenchymal tissue was destroyed. Besides these degenerative
lesions, large multinucleated giant hepatocytes were also seen.
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A high dose of 2,3,7,8-TCDD (25 l1g/kg bw) led to impairment of the clearance and
bilar excretion of phenol-3,6-dibromophthalein and sulfobromophthalein, reduced bile

flow, swellng and occasional necrosis of hepatocytes and infiltration of mononuclear
inflammatory cells in the liver of male Holtzman rats (Yang et al., 1977). Twenty-five
days after treatment with 10 l1g/kg bw, however, an enhancement of biliar excretion of
the bromophthaleins was observed.

ln 2,3,7,8-TCDD-sensitive C57BL/6J mice, 3 l1g/kg bw 2,3,7,8-TCDD caused mild to
moderate hepatic lipid accumulation in the absence of both inflammation and necrosis
(Shen et al., 1991), while severe fatty change and mild inflamation and necrosis
occurred after treatment with 150 l1g/kg. ln contrast, DBA mice exposed to 30 l1g/kg
2,3,7,8-TCDD developed hepatocellular necrosis and inflammation without any fatty
change. The authors concluded that the Ah locus plays a role in determning the sen si-
tivity of mice to the steatotic effects of 2,3,7,8-TCDD in the liver. ln female CDl mice,
2,3,7,8-TCDD produced a centrilobular pattern of hepatocellular degeneration and
necrosis with perivascular infiltration of inflammatory cells (MacKenzie et al., 1992).
This effect was potentiated by tamoxifen, which is possibly associated with decreased
hepatic excretion of 2,3,7,8-TCDD.

A single low-Iethality oral dose of75 l1g/kg 2,3,7,8-TCDD induced hepatic porphyria
in both male and female C57BL/l0 mice (Smith et aL., 1981), which was associated with
decreased activity of hepatic uroporphyrinogen decarboxylase. DBA/2 mice, bearng a
low-affinity Ah receptor, were much less sensitve to the se effects of 2,3,7,8-TCDD. ln
male C57BL/6 mice, chronic administration of 25 l1g/kg 2,3,7,8-TCDD per week
resulted in hepatic porphyrin accumulation and inhibition of porphyrinogen decarboxy-
lase activity (Cantoni et al., 1984). Parial antagonism of 2,3,7,8-TCDD-induced hepatic
porphyrin accumulation in male C57BL/6 mice with 6-methyl-l,3,8-trchlorodibenzo-
furan was not related to suppression of induction of CYPIA activities or to a less
pronounced suppression of uroporphyrinogen decarboxylase (Yao & Safe, 1989). ln

female Sprague-Dawley rats, administration of 1 l1g/kg 2,3,7,8'-TCDD per week over
16 weeks also resulted in hepatic porphyria (Goldstein et al., 1982). After the admi-
nistration period, recovery from the porphyrogenic effects of 2,3,7,8-TCDD was very
slow and did not correlate with the biological half-life of 2,3,7,8-TCDD. ln female
Sprague-Dawley rats treated with 2,3,7,8-TCDD and varous PCBs, a significant corre-
lation was observed between CYllA2 activities and hepatic porphyrin levels. ln
addition, the non-dioxin-like 2,2',4,4',5,5'-hexachlorobiphenyl caused a strong syner-
gistic effect on 2,3,7,8- TCDD-induced hepatic porphyric (800 times) (van Birgelen et aL.,
1996a,b). An interaction between 2,3,7,8-TCDD and iron was noted by Jones et al.
(1981). ln iron-deficient mice, the liver toxicity of 2,3,7,8-TCDD (25 l1g/kg per week
over 12 weeks) was much less pronounced than in iron-supplemented anmals, while
extrahepatic effects of 2,3,7,8-TCDD were not affected.

A somewhat controversial issue is the effect of 2,3,7,8-TCDD on the proliferation of
hepatocytes in vivo and in vitro. ln male and female Harlan-Sprague-Dawley rats,

Dickins et al. (1981) observed a significantly higher increase in liver DNA synthesis
after a one-third hepatectomy when the anmals were treated with 2,3,7,8-TCDD
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(5 llg/kg bw) five days before surgery. Interestingly, the effect was also observable after
laparotomy only (Chrstian & Peterson, 1983). ln female CD (Sprague-Dawley) rats and
in male B6C3Fl mice, 2,3,7,8-TCDD caused an acute 1.5-1.7-fold increase in liver
DNA synthesis (Büsser & Lutz, 1987), while no increase in total hepatic BrdU labelling
index was observed in male or female Sprague-Dawley rats one and two weeks after
2,3,7,8-TCDD treatment designed to achieve quasi-steady-state lIver concentrations of
0.03, 30 or 150 ng/g liver (Fox et al., 1993). However, a slight increase was seen in the
peri portal hepatocyte proliferation pattern. Inhibition of hepatocellular proliferation,
stimulated by a two-thirds hepatectomy, was also observed in female Sprague-Dawley
rats after 14 days of a dosing regimen designed to achieve and maintain a steady-state
concentration of 30 ng 2,3,7,8-TCDD/g lIver (Bauman et al., 1995). Furthermore,
2,3,7,8-TCDD induced a periportal pattern of cell proliferation as compared to the pan-
lobular pattern in the control parial hepatectomy group.

ln female Sprague-Dawley rats either ovarectomized or sham-operated, and then
treated first with N-nitrosodiethylamine (NDEA) and, from one week later, with
100 ng/kg 2,3,7,8-TCDD per day (for details, see Section 3.6.3(b)), 2,3,7,8-TCDD-
induced cell proliferation was observed in the intact rats (Lucier et aL., 1991). The
average BrdU labellng index values were 6.0 and 7.3 in intact rats treated with 2,3,7,8-
TCDD alone and with NDEA followed by 2,3,7,8-TCDD. Control values were 0.32 in
intact rats and 1.09 in ovarectomized rats. The average BrdU labellng index values were
0.97 in rats treated with 2,3,7,8-TCDD alone and 1.15 in rats treated with NDEA
followed by 2,3,7,8-TCDD. Intact rats treated with NDEA alone had a slightly higher
labellng index (0.8) than untreated controls. Large interindividual varations were

observed in the effects of 2,3,7,8-TCDD on cell proliferation. Similarly, large interindi-
vidual variations were seen for the development of GGT- and GSTP-positive foci. Livers
from animaIs undergoing more rapid cell proliferation had the greatest number of GSTP-
positive foci. The correlation coefficient for the two parameters was 0.85 (p = 0.007).
A similar positive correlation was seen for GGT -positive foci and cell proliferation
(r = 0.67; p = 0.05). The volume percentage of PGST-positive foci of the livers having
the four highest proliferation rates was 1.9, whereas the corresponding value for the four
lowest was 0.7.

A further series of female Sprague-Dawley rats were given similar treatment using a
range of 2,3,7,8-TCDD doses (for details, see Section 3.6.3(b)). For all rats treated only
with NDEA, BrdU+ S-phase nuclei were randomly distrbuted throughout the hepatic
lobules. ln contrast, there was a periportal distribution of BrdU+ S-phase nuclei in several
non-NDEA-treated, 2,3,7,8-TCDD-treated rats. Overall, there was a statistically signi-
ficant increasing trend in labelling index as a function of dose of 2,3,7,8-TCDD, with an
interaction between 2,3,7,8-TCDD and NDEA. This trend suggests dose-dependence, but
the results in comparson to the controls were not statistically significant. The trend in
increasing labellng index was stronger in initiated rats than in non-initiated rats. There
was a significant decrease in labellng index in the low-dose group of initiated rats
(Maronpot et aL., 1993).



POL YCHLORINA TED DIBENZO-para-DIOXINS 279

Groups of female Wistar rats were pretreated with NDEA, then given either a single
('acute') or repeated ('chronic') treatment with 2,3,7,8-TCDD (for details, see Section
3.6.3(b)). Proliferation as measured by BrdU labellng index was not significantly
increased (NDEA, 6.7%; NDEA + 'acute' 2,3,7,8-TCDD, 8.8%; NDEA + 'chronIc'
2,3,7,8-TCDD, 9.5%). However, apoptosis was markedly decreased (NDEA, 6.2%;
NDEA + 'acute' 2,3,7,8-TCDD, 3.7%; NDEA + 'chronic' 2,3,7,8-TCDD, 0.8%) (Stinch-
combe et al., 1995). (The Working Group noted that measurement of apoptosis by the
fluorescent method used in this study has not been validated.)

ln rodent hepatocytes in primar culture, Schrenk et al. (1992, 1994b) found that

2,3,7,8-TCDD concentrations between 10-12 M and 10-9 M did not affect DNA synthesis.
However, the response of DNA synthesis to the epidermal growth factor (EGF) was
enhanced at low and attenuated at high 2,3,7,8-TCDD concentrations, also depending on
cell density. Hepatocytes from Ahd/Ahd (low-affinity receptor) C57BL/6J mice were
about 10-fold less sensitive than those from Ahb/Ahb (high-affinity receptor) mice,
consistent with the involvement of the Ah receptor in these effects. ln rat hepatocytes,
the enhancement of the EGF response by 2,3,7,8- TCDD was further increased when
ethinyloestradiol was added to the cultures. A synergistic effect of 2,3,7,8-TCDD on
DNA synthesis in cultured rat hepatocytes stimulated with EGF or insulin was also
reported by Wölfle et al. (1993). ln contras t, Hushka and Greenlee (1995) did not detect
a 2,3,7,8- TCDD-mediated increase in proliferation of either untreated or EGF-treated
cultured hepatocytes from male or female Sprague-Dawley rats. 2,3,7,8-TCDD rather
caused an inhibition of DNA synthesis, with an ECso of 10-11 M.

ln 5L cells derived from the rat hepatoma cell line H4IIEC3, 2,3,7,8-TCDD reduced
proliferation by about 50%, with half-maximal inhibition at 1-3 x 10-10 M (Göttlicher &
Wiebel, 1991; Wiebel et al., 1991), while the parental line was insensitive to the growth-
inhibitory effect of 2,3,7,8-TCDD. Flow cytometric analysis revealed that 2,3,7,8-TCDD
blocked the entry of 5L cells into S-phase, without affecting their progression through S
and G/M to the Gi phase. This effect is associated with the presence of the Ah receptor
(Göttlicher et al., 1990). ln WB-F344 rat liver epithelial celIs, however, 10-9 M 2,3,7,8-
TCDD increased DNA synthesis two- to three-fold (Münzel et aL., 1996).

(v) Endocrine system

Studies on the interactions of 2,3,7,8-TCDD with a varety of hormone systems have
demonstrated that a number of links exist, in paricular to the sex steroids, corticosteroids
and thyroid hormones.

The effects on gonads and on levels and function of gonadal steroids are described in
Section 4.4.

A target organ for 2,3,7,8-TCDD is the pituitar, where it disrupted the normal feed-
back mechanisms between plasma testosterone, 5a-dihydrotestosterone or 17ß-oestradiol
and luteinizing hormone (LH) secretion (Bookstaf et aL., 1990a). ln male Sprague- -
Dawley rats, an oral dose of 20 l.g/kg 2,3,7,8-TCDD (EDso) inhbited the compensatory
increases in pituitar gonadotropin-releasing hormone (GnRH) receptor number, and the
LH secretory responsiveness of the pituitar to GnRH and plasma LH concentrations
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which should have occurred in response to 2,3,7,8-TCDD-induced decreases in plasma
testosterone concentration (Bookstaff et al., 1990b).

A single oral dose of 2,3,7,8-TCDD (50 Ilg/kg) resulted in a significant and sustained
increase in plasma adrenocorticotropin in male Sprague-Dawley rats (Bestervelt et al.,
1993a). Plasma corticosterone levels were slightly but significantly increased at days 1-
5, but were below those of untreated controls at days 10 and 14, indicating that the
pituitar-adrenal axis was disturbed at these later time points. This conclusion was
supported by in-vitro findings using primar cultures of rat anterior pituitar cells and
adrenal cells (Bestervelt et al., 1993b).

Neal et al. (1979) concluded from determnations of the corticosteroid-inducible
tyrosine aminotransferase that 2,3,7,8-TCDD (200lig/kg bw) does not mimic gluco-
corticoid activity. No direct interference with T3 was found, although application of T3
caused a delay of up to 50% in 2,3,7,8-TCDD mortality. ln a receptor-binding experi-
ment using rat liver cytosol, 2,3,7,8-TCDD did not displace dexamethasone from the
glucocorticoid receptor.

The hypothalamic/endorphin concentration initially increased after 2,3,7,8-TCDD
treatment (50 Ilg/kg) of male Sprague-Dawley rats and then was depressed (Bestervelt
et al., 1991), while brain mu opioid receptor number was increased by 60%.

2,3,7,8-TCDD also affects serum melatonin levels in rats, changing the concentration
of this hormone in the pineal gland (Pohjanvirta et aL., 1989c; Linden et aL., 1991;

Pohjanvirta et aL., 1996). This response appears to be related to increased extrahepatic
metabolism of melatonin (Pohjanvirta et aL., 1996).

Total T4, T3, TSH serum levels and uridine diphosphate-glucuronosyl transferase
(UDP-GT) activity were measured in 21-day-old Sprague-Dawley rats whose mothers
had been treated with 2,3,7,8-TCDD doses of 0.025 or 0.10 Ilg/kg bw per day on days
10-16 of gestation (Seo et al. 1995). With regard to total T4, no difference between the
undivided groups was observed; however, a small (20.4%), but significant reduction in
total T4 was found in female but not male rats derived from the high-dose group. Neither
total T3 nor TSH was affected by treatment. Significant increases were observed in both
low- and high-dose-derived weanling rats, with regard to hepatic UDP-GT activity
(310% in the high-dose group); there was no evidence of a sex difference.

Administration of 2,3,7,8-TCDD by gastric instilation to 12-week-old female
Sprague-Dawley rats once every two weeks for 30 weeks induced a dose-dependent

decrease in serum T4 level that was significant at daily dose equivalents of 0.035 Ilg/kg
bw or more. Total T3 levels were not significantly affected, but TSH was increased 2-3-
fold at a daily dose equivalent of 0.125 Ilg/kg bw. ln this same dose group, the hepatic
rnA levels for a UDP-GT (UGTIA1) and a cytochrome P450 (CYPIA1) were
increased about 2.5- and 250-fold respectively (Sewall et al., 1995). Decreases in total
T4 plasma level following treatment of rats with 2,3,7,8-TCDD were related to the
induction of UGTIA1, which catalyses the conjugation of T4 and thereby faciltates its
excretion (van Birgelen et aL., 1995b). The resulting elevation of TSH level has been
suggested to lead to the follicular cell hyperplasia and hypertrophy observed in 2,3,7,8-
TCDD-treated rats (Sewall et al., 1995).
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A pronounced reduction in serum T4 level was observed (Potter et aL., 1983) along
with decreases in blood levels of insulin and glucose in male Sprague-Dawley rats
treated with 45 ¡.g/kg 2,3,7,8-TCDD. Furthermore, the body temperature of the animaIs
dropped to 34.5 cC. ln pair-fed controls, no hypothyroxinaemia, hypotherma or hypo-
glycaemia was observed. 2,3,7,8-TCDD did not cause significant alterations in serum
glucagon or somatostatin levels. A dose-dependent decrease in serum T4 (free and total),
but not in TSH or T3, was also observed by Górski and Rozman (1987); T4 levels
returned to normal 32 days after 2,3,7,8-TCDD dosage. Other effects of 2,3,7,8-TCDD
were a decrease in serum levels of insulin and glucose after high dosage. The hypoinsu-
lInaemic rats were hypersensitive towards insulin, so that otherwise non-toxic insulIn
doses were lethal. The authors conc1uded that hypoinsulinaemia is par of an adaptive

response of the organism to reduce toxicity after 2,3,7,8-TCDD exposure.

Thyroidectomy with 131 has been shown to protect male Sprague-Dawley rats (10 per
group) from the acute toxicity of 2,3,7,8-TCDD at a dose of 100 Ilg/kg bw, whereas
substitution of T4 re-established sensitivity towards 2,3,7,8-TCDD. Percentage mortality
figures after 45 days in non-thyroidectomized rats, thyroidectomized + T4 rats and

thyroidectomized rats were 78%, 70% and 0%, respectively (Rozman et aL., 1984). The
authors conc1uded that thyroid hormone(s) playes) an important role in mediating the

toxicity of 2,3,7,8-TCDD. Radiothyroidectomy protected rats against the 2,3,7,8-TCDD-
induced immunotoxicity, as assessed by the spleen anti-sheep red blood cell (SRBC)
plaque-formng assay (Pazdernk & Rozman, 1985). The authors suggested that the T4
decrease induced by 2,3,7,8-TCDD may also represent a protective response of the
organism to reduce 2,3,7,8-TCDD toxicity inc1uding immunotoxicity.

(vi) Other systems

Treatment of rats with 2,3,7,8-TCDD (50-100 ¡.g/kg bw) led to a significant increase
in serum levels of gastrin (Mably et al., 1990; Theobald et aL., 1991).

High, generally toxic doses of 2,3,7,8-TCDD alter cardiac function and morphology,
as shown in several animal species (Buu-Hoi et al., 1972; Gupta et al., 1973; Allen et al.,
1977; Kociba et aL., 1979; Poland & Knutson, 1982; RIfknd et aL., 1984; Kellng et al.,
1987).

Rozman (1984) suggested that the brown adipose tissue was a target for 2,3,7,8-
TCDD toxicity. ln fact, 2,3,7,8-TCDD induced a progressive lipid depletion in the brown
adipose tissue followed by alterations in glycogen, widening of intercellular spaces,
mitochondral swellng and enhanced lysosomal activity (Rozman et aL., 1986). ln 3T3-
LI celIs, 10 nM 2,3,7,8-TCDD suppressed differentiation into fat cell colonies induced
by dexamethasone and isobutylmethylxanthine (Phillps et aL., 1995). ln contrast, 2,3,7,8-
TCDD had no effect on the maintenance of the adipose phenotype in differentiated cells.

(b) Immunological responses

Immunological responses induced by PCDDs and PCDFs in mamals have been
observed for the last 25 years with doses varing over many orders of magnitude. Initial
studies were performed with doses in the mg/kg and ¡.g/kg range in mice and rats, but it
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is now known that alterations of sorne immune responses can be observed after exposure
to nglkg doses of 2,3,7,8-TCDD in mice and non-human primates.

Immunological responses observed after treatment with doses which cause overt toxi-
city or even mortalityare without relevance to the human situation in relation to environ-
mental or occupational exposures.

Studies in mice and rats performed at doses which induce thymic atrophy should be
interpreted with great caution.

(i) Effects of2,3,7,8-TCDD

The effects of 2,3,7,8-TCDD and other polyhalogenated dibenzo-para-dioxins and
polyhaIogenated dibenzofurans on the mamaIian immune system have been reviewed
several times. 2,3,7,8-TCDD causes suppression of both cell-mediated and humoral
immunity, but little is known about the underlying mechanisms (Vos & Luster, 1989;
Holsapple et al., 1991a,b; Vos et al., 1991; Kerkvliet, 1994; Kerkvliet & Burleson, 1994;
Holsapple, 1995).

Effects on thymus and role of Ah receptor

Poland and Glover (1979) studied the dose-response relationship for thymic atrophy
produced by 2,3,7,8- TCDD in two strains of mice. C57BL/6 mice, which have a high-
affinity Ah receptor, were approximately 10-fold more sensitive to thymic involution
than DBA/2 mice, which have a lower-affinity receptor.

Germolec et aL. (1996) have described CYllAl induction in lymphoid tissues from
Fischer 344 rats exposed to a single oral dose of 100 ¡.glkg bw 2,3,7,8-TCDD. Imuno-
histochemicallocalization of CYPIAI in immune tissues indicated that cells other than
the lymphoid populations are responsible for the increased CYPIAI expression.

The presence of the Ah receptor and the protein Art was demonstrated in T cells, and
a combined exposure to 2,3,7,8- TCDD and the T -cell activator anti-CD3 caused the Ah
receptor to translocate to the nucleus, but DNA binding activity of the murine T-cell Ah
receptor was not detected (Lawrence et al., 1996).

Ah receptor-deficient mIce showed decreased accumulation of lymphocytes in the
spleen and lymph nodes, but not in the thymus (Femandez-Salguero et aL., 1995).
However, corresponding results were not observed in Ah -/ Ah- mice generated by
another group (Schmidt et aL., 1996).

Kerkvliet and Brauner (1990) showed that, in C57BL/6 mIce treated with 2 ¡.g/kg bw
2,3,7,8-TCDD, the percentage of double positive CD4+CD8+ (DP) thymocytes was
decreased, whereas the percentage of double negative CD4- CD8- (DN) thymocytes was
increased.

ln C57BL/6 mice treated with a single intraperitoneal injection of 50 ¡.g/kg bw
2,3,7,8-TCDD, a decrease was seen in cell number in the thymus mainly of the DP and
DN populations (Lundberg et aL., 1990a; Lundberg, 1991).

Silverstone et al. (1994a) showed that thymic atrophy after a single intraperitoneal
dose of 30 ¡.glkg bw 2,3,7,8- TCDD in BALB/c mIce resulted frOID a proportionalloss of
aIl classes of thymocytes. There was no significant relative reduction in termnal deoxy-
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nucleotidyl transferase (TdT)+ recombinase activating gene (RAG-l)+ cells in the thymus,
but a slow and persistent reduction of TdT and RAG-l in bone marrow (TdT and RAG-l
are markers for lymphocyte stem cells).

A single intraperitoneal 2,3,7,8-TCDD dose of 30 ¡.g/kg bw to sham-operated or
neonatally thymectomized BALB/c mice reduced the bone marow levels of rnA for

TdT and RAG-l. Thus, neonatal thymectomy had no effect on the 2,3,7,8- TCDD-elicited
reduction of TdT or RAG-l rnAs. Corresponding effects of 2,3,7,8-TCDD were also

observed in athymic nu/nu mice (Frazier et al., 1994a).
Severe combined immunodeficient C.B-17 scidlscid (SCID) mice engrafted with

human fetal thymus and liver tissue fragments (SCID-hu mice) were used to assess the
sensitivity of the human thymus to 2,3,7,8-TCDD. The relative size of the cortex showed
a dose-dependent decrease in grafted human thymus as well as in rat thymus, which was
significant after exposure to 25 ¡.g/kg 2,3,7,8-TCDD. A dose-dependent increase in
keratinization of Hassal' s corpuscles in the medullar areas of the thymus grafts was
observed (de Heer et al., 1995)

Muralidhara et al. (1994) observed decreased activity of the enzyme adenosine
deaminase in thymic tissue of BALB/c mice (but not in DBA/2 mice) after treatment
with a single intraperitoneal injection of 28.8, 57.5 or 115 ¡.g/ kg bw 2,3,7,8-TCDD or
more. The lowest dose tested (11.5 ¡.g/kg) did not cause a significant reduction in the
enzyme activity.

Thymocytes from 15-day-old C57BL/6 mice, treated with 50 ¡.g/kg bw 2,3,7,8-
TCDD four days before sacrifice, showed an earlier response and a higher maximal cell
proliferation than thymocytes from control mice upon stimulation with concanavalin A in
vitro (Lundberg et al., 1990b).

The effects of 2,3,7,8-TCDD on the murine fetal thymus were studied in an organ
culture system. A concentration of 5 x 10-10 M caused a 50% inhibition of lymphoid
development. At 10-9 M, reduction of DP cells was most pronounced (Dencker et aL.,
1985; d Argy et aL., 1989; Lundberg et aL., 1990a).

Greenlee et aL. (1985) studied the effects of 2,3,7,8-TCDD on primar cultures of
thymic epithelial cells from C57BL/6 mice. Treatment of the cultures with 10 nM
2,3,7,8-TCDD resulted in altered maturation of cocultured thymocytes as judged by the
suppression (40% of control) of thymic epithelium-dependent responsiveness of thymo-
cytes to the mitogens concanavalin A and phytohaemagglutinin.

With human thymic epithelial celIs, marked differences were seen in the sensitivity of
the cells from different donors to 2,3,7,8-TCDD. Cytochrome P450 activities were indu-
cible in these cells in vitro (ECso value, approximately 1 nM), with maximal increases in
7-ethoxycoumarn-O-deethylase (ECOD) and EROD activities of 3-400-fold and 1-21-
fold, respectively (Cook et al., 1987). '

Thymic atrophy in rats following exposure to 2,3,7,8-TCDD (at doses of 1 and 10
mg/kg bw) was first described in the Wista straIn by Buu-Hoi et al. (1972).

ln Fischer 344 rats, Rice et aL. (1995) observed a significant reduction in the relative
thymus weight (thymus weight/ody weight) afer a single intraperitoneal injection of
0.3 ¡.g/kg bw 2,3,7,8-TCDD.
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de Heer et al. (1994a,b) reported a significant reduction in the number of immature
CD4+CD8+ thymocytes after single oral doses of 1 llg/kg bw 2,3,7,8-TCDD or more in
Wistar rats. Numbers of mature CD3 medullar thymocytes were not affected at doses of
up to 25 llg/kg bw 2,3,7,8-TCDD. A detailed study of the time course of the effect after
treatment with 25 llg/kg 2,3,7,8-TCDD revealed a reCovery in proliferative activity in the
thymic cortex (afer six days) and an increase in cellularty after day 13.

Kurl et aL. (1993) studied the time course of events which precede 2,3,7,8-TCDD-
induced thymic apoptosis. They showed that, in thymocytes from immature rats incu-
bated in vitro, nuclear accumulation of 2,3,7,8-TCDD reaches maximal levels within
60 min, paralleling 2,3,7,8-TCDD-induced increases in RNA synthesis and poly(A)poly-
merase activity.

Pronounced thymic atrophy was induced in PVG rats by treatment with a single dose
of 50 llglg bw 2,3,7,8-TCDD. Thymus lobes were transplanted into control rats and
evaluated 20 days later, when they did not differ from controls, indicating that the
2,3,7,8-TCDD-induced damage in rat thymus is rapidly reversible (van Loveren et al.,
1991).

de Waal et al. (1992, 1993) investigated rat thymus by immunohistochemistry and
electron microscopy after treatment with single doses of 50 and 150 llg/kg bw 2,3,7,8-
TCDD. They observed changes which mainly affected the cortical epithelial cells, but,
because both dose levels used in this study were lethal to the animaIs, the relevance of
the results is doubtfuL.

Cytotoxic T-cells

Doses of 4 ng/kg bw 2,3,7,8-TCDD altered the ability of adult male C57BL/6 mIce to
generate cytotoxic T-Iymphocytes (CTL) in response to alloantigen challenge. The
cellular basis of the 2,3,7,8- TCDD-induced suppression was shown to be an enhanced
suppressor T-cell activity of CTL responses, whereas CTL precursers and IL-2
production appeared to be intact in 2,3,7,8-TCDD-exposed mIce. CTL activity generated
in vitro following allogenic stimulation was not impaired when spleen cells from 2,3,7,8-
TCDD-treated DBA/2 mice were used (Clark et al., 1981, 1983; Nagarkatti et al., 1984).
However, these results at very low dose levels could not be corroborated by other
investigators.

Hanson and Smialowicz (1994) specifically designed a study to re-evaluate the effect
of 2,3,7,8-TCDD on CTL response as described by Clark et aL. (1981). Neither the in-
vivo- nor the in-vitro-generated CTL response was altered following a single intra-
peritoneal injection of 2,3,7,8-TCDD at doses ranging from 0.24 to 7.2 llg/kg bw. Also,
no effect was observed on the in-vivo-generated CTL response following four weekly
exposures to 2,3,7,8-TCDD at doses of 0.01 to 3.0 llg/kg bw. Similarly, 2,3,7,8-TCDD
did not alter the in-vitro-generated CTL response at these dose levels. (The Working
Group noted that the sex of the C57BL/6 mice was different (female instead of male), but
it is unlikely that this accounts for the discrepancy in the results.)
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Kerkvliet et al. (1990a) observed a significant suppression of CTL response in
C57BL/6 mIce (Ahb/Ahb) at doses of 5-20 ¡.g/kg bw 2,3,7,8-TCDD. Ahd/Ahd mIce were
less susceptible.

Single oral doses of 2.5-40 ¡.g/kg 2,3,7,8-TCDD suppressed the activity of CTL in
C57BL/6 mIce with a calculated IDso (50% immunosuppressive dose) of 7.2 ¡.g/kg.
Glucocorticoid levels (corticosterone) were not altered at doses below 40 ¡.g/kg, indi-
cating that 2,3,7,8-TCDD-induced CTL suppression is not dependent on elevated gluco-
corticoid levels (de Krey & Kerkvliet, 1995).

Rice et al. (1995) treated Fischer 344 rats with single oral doses of 2,3,7,8-TCDD up
to 30 ¡.g/kg bw and examIned CTL activities 24 days following treatment. Syngenic in-
vivo tumour-specific CTL were generated that model cell-mediated immune reactions
against neoplastically transformed self antigens. Under these conditions, CTL activity
showed no significant dose-dependent alteration due to 2,3,7,8-TCDD exposure, but
relative thymus weight was significantly decreased at the lowest dose studied (0.3 ¡.g/kg
bw).

Effects on lymphocytes in vivo

Oughton et al. (1995) studied the effects of 2,3,7,8-TCDD on lymphocytes by flow
cytometry. Female C57BL/6 mice were treated weekly with 200 ng/kg bw 2,3,7,8-TCDD
for 14-15 months. Besides an age-matched vehicle control, a group of four-month-old
mice was evaluated to assess alterations associated with ageing. ln the thymus of the
2,3,7,8-TCDD-treated mIce, the proportion of CD4-CD8- cells was increased, as was the
proportion of gamma-delta+ thymocytes. The most definite change in 2,3,7,8-TCDD-
treated mIce was a decrease in the frequency of memory T helper cells, defined as
CD4+Pgp-ihiCD45RB1o, with a concomitant increase in the proportion of naive T helper

cells identified as CD4+Pgp-iloCD45RBhi. (Pgp-l and CD45RB are the murine analogues
to the human markers CD29 and CD45RA. The results of this paper are consistent with
the findings in marosets described below. J

Following a single subcutaneous injection of 10 ng/kg bw 2,3,7,8- TCDD into four
mature female marosets, a pronounced decrease was observed in the number of cells
from a defined lymphocyte subpopulation caring both the CD4 and the CD29 epitopes
('helper-inducer' or memory cells). AIso, the percentage of pan-B cells (B 1, CD20+) was
c1early lower than that in the controls (Neubert et aL., 1990b).

ln a 42-week study with lower doses, an opposite effect was initially observed,
whereas the results of the first study were confirmed after an increase of the weekly dose.
The study consisted of three pars: (a) weekly subcutaneous doses of 0.3 ng/kg bw
2,3,7,8-TCDD were given to seven marosets for 24 weeks; (b) the weekly dose was
then raised to 1.5 ng/kg bw 2,3,7,8-TCDD for another six weeks; (c) finalIy, thIs was
followed by a dose-free period of 12 weeks. An increase in the percentage as well as the
absolute number of CD4+CD29+ cells was observed afer the 24-week treatment period
with weekly injections of 0.3 ng/kg bw 2,3,7,8-TCDD. ln the second par of the study,
this lymphocyte subpopulation decreased after weekly injections of 1.5 ng/kg bw 2,3,7,8-
TCDD. The effect was completely teversed during the 12-week recovery period. ln
addition, several changes were observed in other lymphocyte subpopulations: there was a
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change in CD4+CD45R+ cells contrary to that of the helper-inducer cells. Furthermore, a
transient increase in CD8+CD56+ cells ('cytotoxic T-celIs') was found, and a decrease in
pan-B cells (CD20+), which were again reversible after discontinuation of the dosing
(Neubert et al., 1992a,b).

After subcutaneous injection of a single dose of 300 ng/kg bw 2,3,7,8-TCDD into
three marosets, the number of total lymphocytes decreased and at doses of 1 i.g/kg or
more the number of total leukocytes in peripheral blood of two marmosets was signi-
ficantly reduced (Neubert et al., 1993b).

Efects on lymphocytes in vitro
Neubert et al. (1991) studied the effects of 2,3,7,8-TCDD on pokeweed mitogen-

stimulated proliferation and differentiation of peripheral lymphocytes in vitro with cells
from a maroset and from two healthy human donors. They observed a pronounced

decrease in the percentage of B-cells (CD20+) and CD4+ cells and a concomitant increase
in the percentage of CD8+ cells at dose levels as low as 10-12_10-14 M 2,3,7,8-TCDD.

Using a similar experimental approach, Lang et al. (1994) exposed human lym-
phocytes from peripheral blood in vitro to concentrations of 10-7_10-14 M 2,3,7,8-TCDD.
Cells were stimulated by pokeweed mitogen or anti-CD3 monoclonal antibody. Analysis
of surface markers (e.g., CD4+, CD29+, CDI9+) by flow cytometry showed no significant
alterations under the given conditions.

Effects on antibody-producing cells in vivo

Intraperitoneal injections of single 2,3,7,8- TCDD doses ranging from 1.2 to 30 f.g/kg
bw suppressed primar antibody production to SRBC plaque-forming cell (PFC)
response in C57BL/6J and in less sensitive DBA/2 mice (Vecchi et al., 1980, 1983).

A single oral 2,3,7,8-TCDD dose ranging from 0.2 to 5 i.g/kg bw given two days
before SRBC sensitization produced a suppression of anti-SRBC PFC response on day 5
in C57BL/6 mice; the IDso was 0.74 i.g/kg (Kerkvliet & Brauner, 1990).

Narasirnan et al. (1994) determned the splenic antibody PFC response ta SRBC
nine days after administration of 2,3,7,8-TCDD to B6C3Fl mice. Suppression of PFC
response expressed per spleen or per 106 cells was observed at 100 nglg bw 2,3,7,8-
TCDD and higher doses (results with 50 ng/kg bw 2,3,7,8-TCDD were not significantly
different from controls).

Kerkvliet et aL. (1990b) compared the effects of 2,3,7,8-TCDD in two congenic
straIns of C57BL/6 mice that differed at the Ah locus. Using the haemolytic antibody
isotope release assay, both Ahb/Ahb and Ahd/Abd mice exhibited dose-dependent

suppression of the anti-trinitrophenyl (TNP) response following 2,3,7,8-TCDD exposure
(T-cell-independent). The IDso values were 7.0 f.g/kg (Ahb/Abb mice) and 30.8 f.g/kg
(Ahd/Abd mice). Suppression of the antibody response to the T-cell-dependent antigen

SRBC occured at lower doses (0.6 i.g/kg bw 2,3,7,8-TCDD in Ahb/Abb mice) and the
reaction in Ahd/Abd mice showed an apparent biphasic dose-response relationship.

When spleen cells from mice treated two days previously with 5 i.g/kg bw 2,3,7,8-
TCDD were transferred to an irradiated host, no suppression of the PFC response to
SRBC was observed, while a similar dose in a non-Iradiated animal produced profound
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suppression of the PFC response. Cultures of spleen cells from SRBC-primed 2,3,7,8-
TCDD-treated (5 l!g/kg) C57BL/6 mice produced fewer anti- TNP PFC when immunized
with TNP-SRBC, as compared to cells from primed vehicle-treated controls (Tomar &
Kerkvliet, 1991).

Dooley and Holsapple (1988) showed that the B lymphocyte is the primar target for
suppression of the T-dependent antibody response in B6C3Fl mice by demonstrating
that the suppression of several humoral responses (the polyclonal response to lipopoly-
saccharde (LPS), the T-cell-independent response to dinitrophenyl (DNP)-Ficoll and the
T -cell-dependent response to SRBC) was characterized by dose-response-effect curves
that were approximately parallel. They used separation/reconstitution assay techniques to
show that the suppression of antibody responses to 2,3,7,8- TCDD is the predominant
result of a specifie effect on the functional capacities of the B-cell.

Dooley et al. (1990) treated B6C3Fl mice orally on five consecutive days with daily
doses of 1 J.g/kg bw 2,3,7,8-TCDD. They observed no effect of 2,3,7,8-TCDD exposure
on (3H)thymidine uptake in splenocytes of these mice 24 h after in-vitro stimulation with
the T-cell mitogen concanavalin A. Titration of T-cells from 2,3,7,8-TCDD-treated mice
into naïve splenocyte cultures did not suppress the humoral response to either a T -cell-
dependent (SRBC) or -independent (DNP-Ficoll) antigen. Data suggest that an alteration
of T-cell function following 2,3,7,8-TCDD exposure does not play a role in the
suppression of the antibody response elicited by antigen stimulation of splenocytes from
B6C3Fl mice.

Morrs et al. (1992) showed that the sensitivity of DBA/2 mice to suppression of the
antibody response increased significantly when 2,3,7,8-TCDD was administered daily
over two weeks rather than as an acute exposure. This change in sensitivity was not
paralleled by a shift in the sensitivity to other effects of 2,3,7,8-TCDD, including thymIc
atrophy and liver e:izyme induction.

Smialowicz et al. (1994) studied the effects of 2,3,7,8-TCDD on the antibody PFC
response to SRBC comparatively in B6C3Fl mice and in Fischer 344 rats. Their data for
mice were in agreement with the results from other laboratories (ED 50' 0.7 J.g/kg bw
2,3,7,8-TCDD). ln contrast, 2,3,7,8-TCDD failed to suppress, and in fact enhanced, the
PFC response to SRBC in rats at doses of 3 and 30 l!g/kg bw. Flow cytometric analysis
of thymocytes and splenic lymphocytes from 2,3,7,8-TCDD-dosed (3, 10 and 30 l!g/kg
bw) and SRBC-immunized mice and rats revealed that CD4-CD8+ splenocytes were
reduced and IgM+ splenocytes were increased in a dose-related manner in rats only.

Corresponding experiments were performed with a T-cell-independent antigen TN-
LPS in B6C3Fl mice and in Fischer 344 rats. The dose of 2,3,7,8-TCDD required to
suppress the immune response in rats was higher (30 l!g/kg) than in mice (10 and

30 l!g/kg). Thus, species differences were demonstrable also under these conditions;
however, they were not as pronounced as with the T-cell-dependent antigen SRBC
(Smialowicz et al., 1996).

Harer et al. (1993) studied the effects of a single intraperitoneal injection of 2,3,7,8-
TCDD on the suppression of the splenic PFC response to the T-cell-independent antigen
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TNP-LPS in C57BL/6 and DBA/2 mice. The EDso values (PFC/l06 viable cells) were
1.5 Jlg/kg bw (C57BL/6 mice) and 9.7 Jlg/kg bw (DBA/2 mice).

Effects on antibody-producing cells in vitro

Tucker et al. (1986) observed a direct effect of 2,3,7,8-TCDD on cultured lymphcytes
resulting in a selective inhbition of the differentiation of B-cells into antibody-secreting
cells. Using lymphocytes from congenic mice differing only at the Ah locus, it was deter-
mined that the Ahb/Ahb-derived cells were inhibited by 2,3,7,8-TCDD in vitro, whereas
the Ahd/Ahd-derived cells were not.

Holsapple et al. (1986a) reported a reduction in the number of antibody-producing
murine spleen cells which developed in response to LPS, DNP-Ficoll and SRBC with
2,3,7,8-TCCD at concentrations ranging from 5 to 20 nM. Direct addition of 2,3,7,8-
TCDD had no effect on mitogen-induced proliferation. There was no suppression when
2,3,7,8-TCDD was added to the medium 3 h after LPS (200 llg/mL). 2,3,7,8-TCDD
suppressed the antibody response of cells from DBA/2 mice at concentrations similar to
those required to suppress the cells from B6C3Fl mice, suggesting that the observed
effect is independent of the Ah locus.

ln agreement with these results, Davis and Safe (1991) reported that 2,3,7,8-TCDD
and other congeners produced a similar concentration-dependent suppression of the in-
vitro anti-SRBC response using cells from either C57BL/6 mice or DBA/2 mice.

Morrs et aL. (1991) showed that, with spleen cells from B6C3Fl mice, the
suppression of the in-vitro T-cell-dependent humoral immune response by 2,3,7,8-TCDD
is dependent on the lot of serum used. Only three of 23 commercial lots supported a full
dose-responsive suppression.

Morrs et aL. (1994) compared the influence of calf serum and mouse serum on the
results of in-vitro splenocyte antibody response experiments with cells derived from
B6C3Fl or DBA/2 mice. With calf serum, a similar degree of suppression of antibody
responses by 2,3,7,8-TCDD in splenocytes from both strains was found. ln contrast,
responses in the presence of mouse serum showed an Ah receptor-dependence that was
characterized by a dose-related suppression of antibody responses by B6C3Fl spleno-
cytes only.

Morrs and Holsapple (1991) observed an increase in proliferation of dense resting
B-cells in the presence of 30 and 60 nM 2,3,7,8-TCDD in the medium.

When 2,3,7,8-TCDD was added at concentrations between 0.3 and 30 nM to activated
low-density B-cells isolated from whole spleen cell suspensions from B6C3Fl mIce,
suppression of cell proliferation and antibody response was observed. ln contrast, neither
the proliferation nor the antibody response of high-density B-cells (small resting cells)
stimulated with LPS was affected by 2,3,7,8-TCDD (Morrs et aL., 1993).

Wood et al. (1992) studied the effects of 2,3,7,8-TCDD on cultured murne
splenocytes ((C57BL/6 x C3H)Fl mice) and compared the effects with those seen with
human tonsIlar lymphocytes. 2,3,7,8-TCDD at concentrations between 0.3 and 30 nM
caused a significant reduction in the proliferation of both human and murine cells;
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however, the substance had no effect on pokeweed mitogen-induced proliferation or
antibody production.

ln low-density human B-cells (isolated from human tonsils), 2,3,7,8-TCDD
suppressed background proliferation and IgM secretion at concentrations between 0.3
and 30 nM. 2,3,7,8-TCDD-induced suppression was less pronounced when cells were
stimulated with LPS or T-cell replacing factor. 2,3,7,8-TCDD did not alter background
or stimulated proliferation of high-density human B-cells (Wood et al., 1993).

Wood and Holsapple (1993) examined the effects of 2,3,7,8-TCDD upon human
tonsilar lymphocytes stimulated with toxic shock syndrome toxin-l. 2,3,7,8-TCDD at
concentrations .. 30 nM had no effect upon T -cell or B-cell proliferation, but B-cell
differentiation, as manifested by IgM secretion, was significantly suppressed at all
concentrations tested (0.3-30 nM). The sensitivity to 2,3,7,8-TCDD vared considerably,
with ICso values ranging from.. 0.3 nM to 25 nM with cells from four different donors.

Karas and Holsapple (1994a,b) observed inhibitory effects of 2,3,7,8-TCDD on
proliferative responses of murine low-density B-cells to activation by anti-lgM.

ln another study, Karas et al. (1996) reported that 2,3,7,8-TCDD suppressed murine
B-cell IgM secretion induced by either soluble or insolubilzed anti-IgM plus
lymphokines, but did not affect IgM secretion stimulated by activated T H-cells and lym-

phokines. Their data indicate that 2,3,7,8- TCDD elevates resting intracellular calcium
levels in murine B-cells and may selectively inhibit calcium-dependent signallng path-
ways linked to surface immunoglobulin.

Karas et al. (1995) investigated whether the immunosuppression mediated by direct
exposure of murine B-cells to 2,3,7,8-TCDD in vitro is due to an IL-4-like biological
activity. However, 2,3,7,8-TCDD failed to demonstrate any of the activities of IL-4
observed in parallel cultures.

Masten and Shiverick (1995) found that 25 nM 2,3,7,8-TCDD decreased steady-state
levels of CD19 rnA by 67% in a human B-lymphocyte cell line (IM-9). They
identified a DNA-binding complex in nuc1ear extracts that appeared to be the Ah
receptor. The Ah receptor complex recognized a DNA-binding site for B-cell line age-
specifie activator protein in the promoter region of the human CD 19 gene that was
similar to the Ah receptor DNA-binding site.

Effects on macrophages, neutrophils and natural killer (NK) cells
Mantovan et aL. (1980) found no alteration in macrophage-mediated or NK cell-

mediated cytotoxicity in C57BL/6J mice after treatment with single doses of up to
30 l.g!kg bw 2,3,7,8-TCDD.

KerkvlIet and Oughton (1993) showed that, in C57BL/6 mice, the inflammatory
response following intraperitoneal injection of SRBC was aggravated when mice were
treated with 5 l.g!kg bw 2,3,7,8-TCDD compared with vehicle-treated controls. The
increased number of peritoneal cells reflected significant increases in both neutrophils
and macrophages. 2,3,7,8-TCDD treatment did not significantly alter expression of the
macrophage activation markers F4/80 or I-A on Mac-¡+ cells. The antigen-presenting
function of the peritoneal exudate cells was unaltered by 2,3,7,8- TCDD.
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Ackermann et al. (1989) observed a reduced cytolytic and cytostatic activity of
polymorphonuclear neutrophils (PMN) from B6C3Fl mice (but not those from DBA/2
mIce) after a single oral exposure to 5 or 10 l1gJkg bw 2,3,7,8-TCDD. Supernatants
recovered from PMN cell cultures of B6C3F1 mice (but not those of DBAl2 mice)
showed reduced killng capacity for actinomycin D-treated L929 tumour cells.

Funseth and Ilbäck (1992) treated male AIl mice with a loading dose of 5 ¡.gJkg bw
2,3,7,8-TCDD and three weekly maintenance doses of 1.42 ¡.g/kg, given intraperi-
toneally. NK cell activity increased significantly in blood and spleen (3.4-fold and 2.2-
fold, respectively). The effects were stil present on day 120 after the treatment.

Effects on popliteallymph nodes after local stimulation
ln C57BL/6 mice, a single intraperitoneal injection of 50 ¡.g/kg bw 2,3,7,8-TCDD

suppressed the normal immune response in popliteal and inguinal lymph nodes to
ovalbumin injected into the hind foot pads four days after 2,3,7,8-TCDD treatment.

Increase of the lymph node cell number was inhibited and a reduced frequency of
antigen-specific B-cells was observed. The antigen-specific T-cell proliferation and IL-2
production in response to ovalbumin were significantly suppressed by 2,3,7,8-TCDD
(Lundberg et al., 1991, 1992).

An anti-CD3 monoclonal antibody was injected into both rear footpads of fema1e
C57BL/6 mIce and the draining popliteal and inguinal lymph nodes were removed 24 h
later. 2,3,7,8-TCDD enhanced anti-CD3-induced CH)thymidine incorporation and in-
creased the percentage of both CD4+ and CD8+ cells cycling in Sand G2M phases. The
authors concluded that 2,3,7,8-TCDD appeared to be targeting T-cells undergoing acti-
vation rather than resting cells (Neumann et al., 1993).

Schmidt et aL. (1992) treated NMRI mice with single subcutaneous injections of up to
3 ¡.gJkg bw 2,3,7,8-TCDD. One week later they injected streptozotocin or other stimu-
lants into one hind foot pad of the animaIs. Lymph node enlargement (weight or cell
number) in 2,3,7,8-TCDD-treated mice was not significantly different from that of
controls.

Korte et al. (1991a) and Stroh et al. (1992) used the popliteal lymph node assay to
investigate effects of 2,3,7,8-TCDD on immune reactions in Wistar rats. AnimaIs were
treated with single subcutaneous injections of 2,3,7,8-TCDD at doses of up to 600 ng/kg
or 3 l1gJkg bw, respectively. Seven days later, either erythrocytes or streptozotocin were
injected into one hind foot pad and the weight and cell number of the lymph node were
determned after a further seven days. 2,3,7,8- TCDD had no significant effect on the
results of this test under the given conditions.

Fan et al. (1995) injected 2,3,7,8-TCDD directly into one foot pad of Sprague-Dawley
rats (approximately 10 ¡.glg bw) and observed a slightly increased weight index (1.59
:! 0.2 versus 1.07 :! 0.2 in controls; mean :!SEM; n = 4 and 6).

Theobald et aL. (1983) first reported that the paw oedema formation after subplantar
injection of carageenan was enhanced in Sprague-Dawley rats treated with 2,3,7,8-
TCDD. The EDso of2,3,7,8-TCDD for this effect was 6 ¡.gJkg,bw.
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Katz et al. (1984) injected varous irrtants into the subplantar surface of one hind

paw of Sprague-Dawley rats or C57BL/6 mice pretreated with 10 ~g/kg bw 2,3,7,8-
TCDD. 2,3,7,8-TCDD increased the oedemagenic potency of carrageenan, dextran,
bradykinin and histamine, but not that of prostaglandin E2 or serotonin.

Effects on complement
Treatment of B6C3Fl mice with daily doses of 0.01-2.0 ¡.g/kg bw 2,3,7,8-TCDD for

two weeks suppressed serum total haemolytic complement activity (CH50). Serum levels
of complement component C3 were decreased at daily doses of 0.5 ¡.g/kg or more.
Immediately after treatment with single doses of 10-40 ¡.g/kg bw 2,3,7,8-TCDD, a rapid,
but transient, dose-dependent increase in liver intracellular C3 levels was observed. No
inhibitory effect of 2,3,7,8- TCDD on C3 production was detected when cells of a
hepatoma cell line (Hepa lclc7) were exposed to 2,3,7,8-TCDD (White et al., 1986; Lin
& White, 1993a,b,c).

Host resistance assays
Host resistance assays are often used for assessing effects of xenobiotics on the

mammalian immune system, because more than one aspect of the specifie and non-
specifie defence mechanisms are included. Several authors have described the potential
of PCDDs to suppress resistance to bacterial, viral, parasitic and neoplastic challenges in
mice.

Acute exposure of adult mice to 2,3,7,8-TCDD results in hypersensitivity to endo-
toxin (Vos et al., 1978; Rosenthal et al., 1989). Clark et al. (1991b) investigated the

effects of 2,3,7,8-TCDD on the endotoxin-induced release of TNFa. They observed a
significant increase in TNa in the serum of endotoxin-exposed mice (Ahb/Ahb) after
exposure to a single oral dose of 10 ~g/kg bw 2,3,7,8-TCDD.

Studies of effects of 2,3,7,8-TCDD on host resistance in mice are summarzed in
Table 62. To date, the finding of Burleson et al. (1996), that a single dose of 2,3,7,8-
TCDD at 0.1, 0.05 or 0.01 ¡.glg bw resulted in an increase in mortality from Hong Kong
infuenza virs when B6C3Fl mice were challenged seven days after 2,3,7,8-TCDD
administration, represents the most sensitive adverse effect yet reported for 2,3,7,8-

TCDD.

Only a few host resistance studies have been performed with PCDDs in rats.
Virus-augmented NK activity assessed 48 h after infection in the lung was signi-

ficantly suppressed in Fischer 344 rats treated with 3, 10 or 30 ¡.g/kg bw 2,3,7,8-TCDD.
Significantly higher virs titres were observed on days 2, 3 and 4 after infection in the
lungs of rats treated with 10 ¡.g/kg bw (Yang et al., 1994).

Using the parasite Trichinella spiralis in five-week-old Wistar rats that were exposed
perinatally to 2,3,7,8- TCDD (one subcutaneous injection of 0.3 or 3 ¡.g/kg bw on day 19
of gestation), no differences were found in the antibody titres or the number of T. spiralis
larae in muscle (Korte et al., 1991b).

ln Fischer 344 rats treated with single doses of 30 ~g/kg bw 2,3,7,8-TCDD, no
evidence for an immunosuppressive effect was seen in the T. spiralis host resistance
assay, but proliferative responses of lymphocytes cultured with parasite antigen were
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Table 62. Effects of 2,3,7,8- TCDD on host resistance in mIce

S train Effect Dose No./time of exposures Reference -
C57BL/6 No effect on resistance to Herpes suis 20 ¡ig/lg p.o. once a week/4 weeks Thigpen et al. (1975)

;p~
C57BL/6 Reduced resistance to Salmonella hem 1 ¡ig/lg p.o. once a week/4 weeks Thigpen et al. (1975) n
C57BL/6 Reduced resistance to Herpes simp1ex type II 0.04 llg/kg i.p. once a week/4 weeks Clark et al. (1983) ~0
Swiss Reduced resistance to endotoxin 1.5 ¡ig/kg p.o. once a week/4 weeks Vos et al. (1978) Z
Swiss Reduced resistance to endotoxin 1 ¡ig/kg di et pre/postnatal Thomas & Hinsdil (1979) 0

el
S wiss No effect on resistance to Listeria monocytogenes 10 ¡ig/kg diet pre/postnatal Thomas & Hinsdil (1979) ~Swiss Reduced resistance to Salmonella and Listeria 50 llg/kg diet 5 weeks Hinsdill et al. (1980) 'i
B6C3F1 Reduced resistance to Listeria monocytogenes 5 llg/kg p.o. 4 times (pre/postnatal)" Luster et al. (1980) ::

CI
B6C3F1 Reduced resistance to Plasmodium yoell 5 ¡ig/lg p.o. once Tucker et al. (1986) ~
B6C3F1 Reduced resistance to Streptococcus pneumoniae 1 llg/lg p.o. once a day/2 weeks White et al. (1986) 0~
B6C3F1 No effect on resistance to Listeria monocytogenes 10 llg/kg i.p. once House et al. (1990) c:
B6C3F1 Reduced resistance to influenza virus 0.1 llg/kg i.p. once House et al. (1990) ~tr
B6C3F1 Reduced resistance to Trichinella spiralis 10 ¡ig/lg i.p. once Luebke et al. (1994) 0'

\0
B6C3F1 Reduced resistance to influenza virus 0.01 llg/lg p.o. once Burleson et al. (1996)

p.o., oral; i.p., intraperitoneal
"Day 14 of gestation and days 1, 7 and 14 after birh
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enhanced (Luebke et al., 1995). This is in contrast to results obtained with the T. spiralis
test in mice from the same laboratory (Table 62). It was shown in this study that
infection delayed elimination from the host: infected mice had higher 2,3,7,8-TCDD
levels than non-infected mice (Luebke et al., 1994).

AIl mice infected with Coxsackievirus B3 (CB3) had increased tissue concentrations
of 2,3,7,8-TCDD in the brain, pancreas, heart, spleen and liver compared with uninfected
controls (Funseth & Ilbäck, 1994).

Direct exposure of isolated human erythrocytes to 10 nM 2,3,7,8-TCDD caused a
two-fold increase in the infectivity of Plasmodium falcíparum after 48 h, when the
parasites were in a synchronized state of growth. Additional treatment with sodium
orthovanadate, an inhibitor of plasma membrane Ca-A TPase and phosphotyrosine phos-
phatase, completely blocked the 2,3,7,8-TCDD-induced increase in parasitaemia (Kim
et aL., 1994).

Pre- and perinatal exposure
Vos and Moore (1974) treated female Fischer 344 rats and C57BL/6 mIce with doses

of up to 5 l1g/kg bw 2,3,7,8-TCDD pre- and postnatally (rats: gestation days 11 and 18,
postnatally on days 4,11 and 18; mIce: gestation days 14 and 17, postnatally on days 1,8
and 15). The high-dose regimen was lethal to 31/34 rat offspring. The authors observed a
depletion of lymphocytes in the thymic cortex of the offspring which, histologically
evaluated, was not due to lymphocyte destruction. Cellular immunity was impaired.
Allograft rejection times were prolonged in rats and mIce. Graft-versus-host activity of
spleen cells was reduced, as well as the response of rat thymus and spleen cells to phyto-
haemagglutinin. ln four-month-old mice treated with six weekly doses of 25 l1g/kg bw
2,3,7,8-TCDD, these effects were not observed.

Fine et al. (1988, 1990a,b) studied the effects of 2,3,7,8-TCDD on lymphocyte stem
cell function in BALB/c mice following direct or perinatal exposure (maternaI treatment
with 10 or 15 l1g/kg bw 2,3,7,8-TCDD on day 14 of gestation). ln the fetus and the
neonate, significant reductions were found in both the biosynthesis and rnRNA levels of
the lymphocyte stem cell-specific DNA polymerase TdT. Thymic biosynthesis was rela-
tively unaffected, suggesting that alterations of early events of T-cell lymphopoiesis
(prothymocytes) can contrbute to 2,3,7,8-TCDD-induced thymic atrophy. A slight
reduction in the expression of the thymocyte surface marker Lyt-2+L3T4+ was demons-
trated by flow cytometry.

Holladay et al. (1991) and Blaylock et al. (1992) treated pregnant C57BL/6 mice on
nine consecutive days (gestation days 6-14) with daily doses of 1.5 or 3.0 l1g/kg bw
2,3,7,8-TCDD by gastric instilation (total doses of 13.5 and 27 l1g/kg bw 2,3,7,8-
TCDD). 2,3,7,8-TCDD treatment (both groups) resulted in significant decreases in fetal
thymic weight and the percentage of CD4 +CD8+ fetal thymocytes (DP), as well as signi-
ficantly increased CD4-CD8- (DN) and CD4-CD8+ thymocytes on gestation day 18 as
analysed by flow cytometry. 2,3,7,8-TCDD induced a significant shift in T-cell receptor
(TCR) expression of thymocytes with a decrease in alpha-beta- TCR and a concomitant
increase in gamma-delta- TCR expression. On postnatal day 6, no significant differences
were detectable by flow cytometry; however, a significantly depressed CTL activity was
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demonstrable until eight weeks postnatally (offspring had been cross-fostered to avoid
exposure via milk). There were no significant differences at postnatal weeks 7-8 between
controls and 2,3,7,8- TCDD-exposed mice in lymphocyte proliferation to mitogens or
antibody PFC response.

Faith and Moore (1977) showed that when Fischer 344 rats were exposed to 2,3,7,8-
TCDD prenatally (day 18 of gestation) and postnatally (days 0, 7, 14 of lactation), body
weight and thymus/body weight ratios were suppressed up to 145 days. The effects were
less pronounced when the rats were exposed only postnatally (days 0, 7, 14 of lactation).

Badesha et aL. (1995) fed a 2,3,7,8-TCDD-containing diet to lactating Leeds rats
staring on postnatal day 1. Total doses of 0.2, 1.0 or 5.0 llg/kg were administered over a
period of 18 days. At the age of 130 days, body weights remained significantly reduced
in all three groups of female offspring and the two highest -dose groups of males.

Immunocompetence of the offspring was affected: in-vitro T-cell-dependent and T-cell-
independent responses and mitogen-induced in-vitro production of IL-l and IL-2 were

suppressed at postnatal day 130.

(ii) Effects of other PCDDs
Only seven of 75 possible PCDD congeners and five out of 135 PCDF congeners

have been studied for their effects on the mammalian immune system (Holsapple, 1995).
Mason et al. (1986) demonstrated that in immature male Wistar rats 2,3,7,8-TCDD

was the most active congener out of a series of six compounds with respect to their
potency to induce thymic atrophy after intraperitoneal injection. The ED 50 values (dose
that caused a 50% decrease in thymus/body weight ratio compared with control rats)
were: 0.09 llmol/g for 2,3,7,8-TCDD, 0.17 llmol/g for 1,2,3,7,8-PeCDD, 1.07 llmol/g
for 1,2,3,4,7,8-HxCDD, 11.2 llmol/g for 1,2,4,7,8-PeCDD, 98.1 llmol/g for 2,3,7-

triCDD and 100 llmol/g for 1,3,7,8-TCDD.

The effects of 1,2,3,4,6,7,8-HpCDD on antibody responses to T-helper cell-dependent
(SRBC) and T-helper cell-independent antigens (TNP-LPS and DNP-Ficoll) were
studied in C57BL/6 mice. The results indicated that sensitivity to HpCDD-induced
suppression directly correlated with the sensitivity of the response to T -cell regulation.
T-cell deficient nu/nu mice were significantly more resistant to the immunosuppressive
effects of 1,2,3,4,6,7,8-HpCDD as compared with their nu/+ littermates. Following
treatment with 100 llg/kg bw 1,2,3,4,6,7,8-HpCDD, the response of nu/nu mice was
unaffected, whereas the response of nu/+ mice was significantly suppressed, indicating
that the primar immunologie al defect induced by the substance is at the level of regu-
latory T -cells. However, after treatment with a dose of 500 llg/kg bw 1,2,3,4,6,7,8-
HpCDD, the response of nu/nu mice was also suppressed (Kerkvliet & Brauner, 1987).

Holsapple et aL. (1986b) compared the effects of 2,3,7,8-TCCD, 2,7-DCDD and
OCDD on the antibody response to SRBC and to DNP-Ficoll in B6C3Fl mice. 2,3,7,8-
TCDD and 2,7-DCDD suppressed antibody responses to both antigens (compared with
2,3,7,8-TCDD, 10-fold higher doses of 2,7-DCDD induced less pronounced effects).
OCDD was without effect.
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Treatment of B6C3Fl mice with daily doses of 0.01 /-g/kg bw 2,3,7,8-TCDD for two
weeks or more suppressed serum total haemolytic complement activity (CH50).
1,2,3,6,7,8-HxCDD was less active than 2,3,7,8-TCDD. Suppression of complement acti-
vit Y was seen after multiple doses of 0.1 to 10 /-g/kg bw with decreased C3 levels at
IO/-g/kg. Recovery studies showed that complement activity in animaIs treated with
2,3,7,8-TCDD (1 /-g/kg) or 1,2,3,6,7,8-HxCDD (10 /-g/kg) was suppressed until 50 days
after treatment. Interestingly, CH50 levels were elevated after low doses (0.1 and
1.0 /-g/kg) of 1,2,3,6,7,8-HxCDD (White et al., 1986).

4.3 Interactions with Ah receptors and their early molecular consequences and

other biochemical responses

The toxic effects elicited by 2,3,7,8-TCDD and other PCDDs are accompanied by
modulation of numerous biochemical responses in target tissues and organs. Although
there is extensive support for the role of the intracellular dioxin or arl hydrocarbon (Ah)
receptor in mediating PCDD-induced biochemical and toxic effects, the direct link
between a series of biochemical alterations and any specifie toxicity is unclear. This
section highlights the effects of 2,3,7,8-TCDD and other PCDDs on varous biochemIcal
parameters, interactions of these compounds with the Ah receptor and the molecular
consequences of these reactions.

As outlined below, intracellular signal transduction by PCDDs and PCDFs, most
notably 2,3,7,8-TCDD and 2,3,7,8-TCDF, is mediated by the Ah receptor. This protein is
a ubiquitous regulatory factor that binds 2,3,7,8- TCDD and its planar aromatic congeners
in a saturable manner and with high affinity (in the case of 2,3,7,8-TCDD and 2,3,7,8-
TCDF with dissociation constants (Kd, a measure of binding affinity) in the subnano-
molar range; reviewed by Poland & Knutson, 1982; Safe, 1986; Bradfield et al., 1988;
Gilner et al., 1993). At the molecular level, high-affinity Ah receptor ligands such as
2,3,7,8-TCDD and 2,3,7,8-TCDF are very potent inducers of transcription of a distinct
network of target genes encoding xenobiotic-metabolizing enzymes such as cytochrome
P4501Al (CYPIA1), P4501A2 (CYPIA2) and glutathione S-transferase Ya (for recent
reviews, see Fujii-Kuriyama et al., 1992; Swanson & Bradfield, 1993; Whitlock, 1994;
Hankinson, 1994; Poellnger, 1995). Although there is a paucity of data regarding
primar Ah receptor target genes that do not encode drug-metabolizing enzymes, 2,3,7,8-
TCDD has been reported to modulate expression of the growth modulatory genes for
IL-Iß and plasminogen activator inhibitor-2 (PAI-2) (Sutter et al., 1991). (See the
section below on modulation of growth factors, growth factor receptors, lymphokines
and related factors.)

Binding affinities of individu al PCDDs to the Ah receptor are strongest for those
congeners having a 2,3,7,8-cWorine substitution pattern, with 2,3,7,8-TCDD being the
most potent. Withn ths group of congeners, increasing chlorination on the 1, 4, 6 and 9
positions leads to a significant decrease in the binding affinity of up to several orders of
magnitude (Poland & Knutson, 1982; Safe, 1990).

The binding affinity (Kd) of PCDDs for the rat hepatic Ah receptor ranges between
10-10 and 10-5 M or higher. Across and within species, the Ah-receptor binding affinities
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for, e.g., 2,3,7,8-TCDD can var by one or two orders of magnitude. For example, in
both man and mouse, two forms of Ah receptor have been identified which show a 5-10-
fold difference in binding affinity for 2,3,7,8-TCDD. ln the human forms, one has a Kd
for 2,3,7,8-TCDD of 0.4 nM, while the other form has a Kd of about 2 nM. ln addition,
variabilty in Ah-receptor binding is influenced by the cell type, tissue, sex, age, experi-
mental conditions and assay used (Okey et aL., 1989; Bradfield et aL., 1988; Safe, 1990;
Poland & Knutson, 1982).

4.3.1 The Ah receptor

The Ah receptor is a member of the basic helix-loop-helix (bHLH) family of gene
regulatory proteins (Burbach et al., 1992; Erna et al., 1992). The bHLH motif represents
a well studied dimerization and DNA-binding domain common to a large group of regu-
latory factors that are generally involved in cell growth and differentiation and include
the proto-oncogene c-myc and the muscle developmental factor MyoD (reviewed by Jan
& Jan, 1993; Weintraub, 1993; Dorschknd, 1994). Thus, the Ah receptor is distinct from
the superfamily of ligand-activated nuclear receptors that encompasses steroid hormone,
thyroid hormone, vitamin D and retinoic acid receptors and contains the structurally well
characterized 'zinc finger' DNA binding motif (see Gronemeyer & Laudet, 1995, for a
comprehensive review).

The receptor functions as a ligand-dependent transcription factor that, upon exposure
to ligand, recognizes DNA of target genes as a heterodimeric complex with the structu-
rally related factor Art (Reyes et aL., 1992; Dolwick et al., 1993; Matsushita et al.,
1993; Whitelaw et al., 1993a). Both the Ah receptor and Amt (Hoffman et al., 1991)
belong to a distinct subgroup, bHLH/AS (Per-Art-Sim homology region) (Littlewood
& Evan, 1995), of the bHLH family transcription factors, and are characterized by an N-
termnal arrangement of the bHLH DNA-binding motif contiguous with a second struc-
tural motif, PAS. The PAS domain of about 250 amno acids contains two imperfect
repeats and is also conserved in the product of the DrosophUa gene period (Per)

(Takahashi, 1992 and references therein), that is involved in circadian rhythm regulation,
the DrosophUa neurodevelopmental factor single-minded (Sim) (Nambu et al., 1991), the
Drosophila factor trachealess, important for insect tubulogenesis (Isaac & Andrew,
1996; Wilk et al., 1996), as wellas the hypoxia-inducible factor (HIF-la) and E-PAS of
mammals (Wang et al., 1995; Gradin et aL., 1996; Tian et aL., 1997) and a human single-
minded homologue identified as a putative Down syndrome-critical factor (Dahmane
et al., 1995). ln addition, a mammalian factor, Art 2, closely related to Art (Drutel
et aL., 1996; Hirose et aL., 1996) has recently been cloned. This factor supports Ah
receptor functions in hepatoma cells deficient in Arnt (Hirose et aL., 1996).

Ligand-dependent activation of Ah receptor function is a multi-step process. ln the
absence of ligand, the latent, non-DNA-binding form of the receptor is recovered in cyto-
solic cellular extracts as a ",300 kDa heteromeric complex associated with the molecular
chaperone hsp90 (heat shock protein 90) (Denis et aL., 1988; Perdew, 1988; Wilhelmsson
et aL., 1990; Chen & Perdew, 1994). 2,3,7,8-TCDD and other known receptor ligands
induce nuclear import of the Ah receptor (Jain et aL., 1994; Pollenz et aL., 1994, and
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references therein) and release of the hsp90 chaperone (Wilhelmsson et al., 1990) and
regulate dimerization with Art (Whitelaw et al., 1993a), enabling both proteins to bind
to DNA (Reyes et al., 1992; Dolwick et al., 1993; Matsushita et al., 1993; Whitelaw
et al., 1993a). The ligand-activated Ah receptor-Art complex induces transcription of
target promoters via potent transactivation do mains that are contained within the C-
termnus of both the Ah receptor and Art (Jain et al., 1994; Li et al., 1994; Whtelaw
et al., 1994). The Ah receptor may also modulate biochemical and cellular responses via
non-DNA dependent mechanisms (Matsumura, 1994; Bimbaum, 1995a; Weiss et aL.,
1996).

ln the absence of ligand, it appears that hsp90 blocks receptor-Arnt dimerization
(Whitelaw et al., 1993a), resulting in repression of receptor function. Ligand-induced
release of hsp90 is faciltated in vitro by concomitant dimenzation of the receptor with
Art (Mc Gu ire et al., 1994), indicating that these two processes are functionally inter-
digitated. Ligand (Dolwick et al., 1993; Whitelaw et al., 1993b) and hsp90 (Whitelaw
et al., 1993b) binding activities of the receptor are co-Iocalized within the PAS domain.
ln contrast, the PAS domain of Art does not mediate association with hsp90 (Probst
et al., 1993; McGuire et al., 1994). ln-vitro ligand-binding experiments indicate that
hsp90 chaperones a high-affinity ligand-binding conformation of the receptor (Pongratz
et aL., 1992). Consistent with this model, ligand responsiveness of the Ah receptor is
severely impaired upon expression in a yeast strain in which hsp90 expression levels are
down-regulated to about 5% of wild-type levels (Carver et al., 1994; Whitelaw et al.,
1995). Taken together, these data indicate that hsp90 may be critical for folding of a
functional, ligand-responsive form of the Ah receptor.

AlI known ligands of the Ah receptor are of xenobiotic origin, and a physiological
receptor ligand has not yet been identified (reviewed by Poland & Knutson, 1982;
Poellnger et al., 1992). Given the critical roles of the majority of bHLH factors in
general (Jan & Jan, 1993; Weintraub, 1993; Dorschknd, 1994), and bHLH-PAS factors
in paricular (Nambu et al., 1991; Isaac & Andrew, 1996; Wilk et al., 1996; Tian et al.,
1997) for embryonic development, it is plausible that a physiological function (and
possibly a ligand-dependent regulatory strategy) of the Ah receptor is to be found in

developmental processes. Ah-/Ah- mice were found to be viable and fertile, but showed
hepatic defects that indicate a role for the Ah receptor in normal liver growth
(Fernandez-Salguero et al., 1995; Schmidt et al., 1996). Thus, the exact role of the Ah
receptor in mammalian development remains unclear.

4.3.2 Induction of drug-metabolizing enzymes

CYP1A1. The induction of CYP1A1 gene expression and associated enzyme activities
by 2,3,7,8-TCDD and other PCDDs is a common result of exposure to these chemIcals
and is readily demonstrated in laboratory animaIs and cells in culture. There is relatively
low constitutive expression of CYllAl in most tissues and cells; however, after
treatment with 2,3,7,8-TCDD, the Ah receptor complex rapidly accumulates in the
nucleus, and this is accompanied by the sequential induction of CYPIAI rnA levels
followed by induction of CYPIAI-dependent enzyme activity and immunoreactive
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protein (Tukey et aL., 1982; Zacharewski et al., 1989; Hars et aL., 1990; Pendurthi et aL.,
1993). The mechanism of this response has been extensively investigated (González &
Nebert, 1985; Jones et aL., 1985, 1986a,b; Sogawa et al., 1986; Fujisawa-Sehara et al.,
1986, 1988; Neuhold et aL., 1989) and involves interaction of the Ah receptor complex
with functional xenobiotic-responsive enhancers (XREs; also referred to as dioxin-

responsive enhancers (DREs)) in the 5'-promoter region of CYPIAI genes (Denis on
et aL., 1988; Fujisawa-Sehara et aL., 1988; Hapgood et al., 1991). Thus, the Ah receptor
functions as a ligand-activated DNA-binding protein directly communicating with its
target genes.

Species-, age-, sex- and organ-dependent differences in induction of CYP lAI gene
expression and dependent enzyme activities have been reported in laboratory animaIs,
mammalian cells in culture, and in humans, and these data have been extensively
reviewed (Poland & Knutson, 1982; Whitlock, 1986, 1987; Okey, 1990; Safe, 1990;
Whitlock, 1990; Kohn et aL., 1993; Whitlock, 1993; Okey et aL., 1994; Denison &
Whtlock, 1995; Safe, 1995).

The induction of CYP 1A1 gene expression is aiso influenced by a number of other
factors. For example, in wild-type and mutant Hepa-l cells, treatment with 2,3,7,8-
TCDD results in binding of the nuclear Ah receptor complex to enhancer sequences and
binding of other proteins to promoter DNA (Watson & Hanknson, 1992; Wu &
Whitlock, 1993). The enhancer/promoter sequence in uninduced cells forms a nucleo-
somal structure; after addition of 2,3,7,8-TCDD, alterations of chromatin structure and
nucleosome disruption are observed (Durrn & Whtlock, 1987; Morgan & Whtlock,
1992; Wu & Whitlock, 1992). Induction of CYP1A1 gene expression and formation of
the nuclear Ah receptor complex have also been observed in human keratinocytes and
mouse Hepa lc1c7 cells suspended in solid medium containing methyl cellulose or
Percoll solution (Sadek & Allen-Hoffmann, 1994a,b).

Protein kinase C-dependent phosphorylation is important for 2,3,7,8-TCDD activation
of the Ah receptor and Art proteins (Carer et aL., 1992; Reiners et aL., 1992, 1993;
Berghard et aL., 1993). ln human keratinocytes and mouse Hepa-l cells, phorbol esters
and protein kinase C inhibitors blocked 2,3,7,8-TCDD-dependent formation of the

transformed Ah receptor complex (Berghard et aL., 1993), and similar results were
observed in C57BL/6 mice co-treated with 2,3,7,8-TCDD plus phorbol esters (Okino
et aL., 1992). ln contrast, in-vitro transformation of the Ah receptor of guinea-pig, mouse
and rat hepatic cytosol is not affected by inhibitors of protein kinase C (Schaefer et aL. ,
1993) and staurosporine, a protein kinase C inhibitor, did not affect nuclear translocation
of the Ah receptor in mouse Hepa-l cells in culture (Singh & Perdew, 1993). Moreover,
in MCF-7 human breast cancer cells in which protein kinase C activity was depleted as a
result of prolonged treatment with phorbol esters, 2,3,7,8-TCDD caused superinducibility
of CYP 1A1gene expression, and ths was accompanied by a two- to thee-fold increase
in levels of the nuclear Ah receptor complex (Moore et aL., 1993). These observations
indicate that the role of protein phosphorylation of the Ah receptor complex may var
among different celllines or target tissues.
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Several other factors which inhibit the 2,3,7,8-TCDD-dependent induction of

CYP 1A1 and CYP 1A2 gene expression include IL-l ß, insulin, EGF, rat hepatocytes
(Barker et aL., 1992) and TGFß in squamous carcinoma cells (Hébert et al., 1990b) and
human A549 lung cancer cells (Vogel et aL., 1994).

CYP JA2. Expression of the CYP 1A2 gene and related enzyme activities is also
induced by 2,3,7,8- TCDD and related Ah receptor agonists (Koga et aL., 1990; DeVito
et aL., 1994; Narasirnan et aL., 1994; Paroli et aL., 1994; De Jongh et aL., 1995; Dilberto
et aL., 1995). ln laboratory animaIs and humans, CYP 1A2 is expressed primariIy in liver
and is inducible, together with CYPJA1, by 2,3,7,8-TCDD in primar cultures of human
hepatocytes (Schrenk et aL., 1995), whereas in most cell lines, the gene is not expressed
(Fagan et aL., 1986; Kimura et aL., 1986; Silver & Krauter, 1988; Ikeya et aL., 1989).
CYPIA2 catalyses oxidation of aromatic amines and 17ß-oestradiol and may also be
important in 4-hydroxylation of tamoxifen (Kupfer et al., 1994). The hydroxylation of
17ß-oestradiol by CYPIA2 to catechols has been suggested to play a role in 2,3,7,8-
TCDD-induced carcinogenesis (Liehr, 1990; Liehr & Roy, 1990; Lucier et aL., 1991;
Yager & Liehr, 1996). ln addition, PCDDs can bind strongly to this isoenzyme and also
function as competitive binding inhibitors (Voornan & Aust, 1987; Poland et aL., 1989).
Deletion analyses of the CYPIA2 promoter from the human CYP 1A2 gene have revealed
XRE core sequences at -2259 to -1970 and -2888 to -2903 (Quattrochi & Tukey, 1989;
Quattrochi et aL., 1994). Transfected cells with deletion plasmids containing the core
(-2888 to -2903) XRE sequence were Ah-receptor responsive in human Hep G2 but not
MCF-7 cells, suggesting that CYP JA2 gene expression is regulated by multiple factors in
addition to the Ah receptor complex (Quattrochi et aL., 1994).

CYP1B1. 2,3,7,8-TCDD also induces another cytochrome P450, CYPIB1, that occurs
in humans and rodents (Sutter et al., 1991; Savas et al., 1994; Shen et al., 1994a,b; Sutter
et al., 1994; Bhattacharya et al., 1995; Walker et aL., 1995). CYPIBI is expressed in a
varety ofhuman tissues (Sutter et al., 1994; Hayes et al., 1996) and inducible by 2,3,7,8-
TCDD in numerous human cell types (Sutter et al., 1991; Spink et al., 1994; Sutter et aL.,
1994) and rodent tissues including liver, lung and kidney (Walker et al., 1995). CYPIBI
is active in the metabolism of numerous polycyclic aromatic hydrocarbons and arI-
amines (Pottenger & Jefcoate, 1990; Pottenger et al., 1991; Otto et al., 1992; Shimada
et al., 1996) and can catalyse the 4-hydroxylation of 17ß-oestradiol in humans cells
(Hayes et al., 1996). Further studies are needed to elucidate the role of CYPIBI in
2,3,7,8-TCDD-induced toxicity and the mechanisms associated with thIs induced
response.

Aldehyde-3-dehydrogenase. 2,3,7,8-TCDD induces aldehyde-3-dehydrogenase acti-
vit Y (Takmoto et aL., 1992; Unkla et al., 1993b; Germolec et aL., 1996), and analysis of
the promoter region has identified XRE sequences (Hempel et aL., 1989; Takmoto et aL.,
1991; Asman et aL., 1993). Deletion analysis of the 5'-flanng region revealed DNA
sequences whIch both enhance and decrease activity of chImeric genes, and an XRE core
binding sequence (GCGTG) was also identified (Takmoto et aL., 1994).

Glutathione S-transferase Ya. 2,3,7,8-TCDD and related compounds induce GST
activities and gene expression in laboratory anmals and mammalian cells (Paulson et aL.,

, .~".',
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1990; Rushmore et aL., 1990; Aoki et aL., 1992; PimentaI et aL., 1993; Rushmore &
Pickett, 1993). Analysis of the 5'-promoter region of the rat GST fa gene has revealed
several genomic regulatory sequences including an XRE sequence containing the core 5'-
GCGTG-3' sequence which binds the Ah receptor complex. Deletion and mutational
analysis studies showed the requirement of XRE for Ah-responsiveness. PimentaI et aL.
(1993) have aiso demonstrated binding of the constitutive protein, CÆBPa, to the XRE
and shown that Ah receptor-mediated induction of constructs containing the XR may
involve cooperative protein-protein interactions between CÆBPa and the Ah receptor
complex. GSTP-l is aiso induced by PCDDs (Aoki et al., 1992, 1993), and this response
can be inhibited by glucocorticoids and protein kinase C inhibitors.

Glucuronosyl transferase. UDP-GT activity is also induced by 2,3,7,8-TCDD and
other Ah receptor agonists (Owens, 1977), and recent studies with the rat UGT1A1 gene
have identified a functional XRE sequence (-134 to -139) in the 5'-promoter region of
this gene (Emi et aL., 1995, 1996). 2,3,7,8-TCDD also induced UGTIAI levels in a
human cell line (Abid et al., 1995), although induction in humans in vivo has not been
proven.

NAD(P)H:quinone oxidoreductase. NAD(P)H:quinone oxidoreductase (or DT dia-
phorase) activity is also induced by Ah receptor agonists, and the human gene structure,
activity and tissue-specifie expression have been reported (Shaw et aL., 1991; Jaiswal,
1994). The sequence of the 5'-flankng region contains binding sites for several nuclear
proteins, and these include an XRE 5'-GCGTG-3' sequence between -708 and -704;
plasmids containing the XRE sequences are inducible by 2,3,7,8-TCDD and ß-naphtho-
flavone in transient assays. The gene is widely expressed in human tissues, but the role of
2,3,7,8-TCDD-induced expression of NAD(P)H:quinone oxidoreductase in the toxic
responses elicited by this compound is unkown.

Prostaglandin endoperoxide H synthase-2 (PGHS-2). The PGHS-2 gene was recently
identified as a 2,3,7,8-TCDD:regulated gene in a canine kidney cell line (Kraemer et al.,
1996). Hs induction by 2,3,7,8-TCDD in human cells has not been investigated.

4.3.3 Modulation of growth factors, growth factor receptors, transcription factors,
lymphokines and related factors

2,3,7,8-TCDD and related compounds decrease epidermal growth factor (EGF)
receptor binding and/or autophosphorylation in several cells or organs, including human
keratinocytes in culture (Hudson et aL., 1985), mouse hepatoma cells (Kärenlampi et al.,
1983), mouse, rat and guinea-pig Ii ver (Madhukar et aL., 1984, 1988; Ryan et aL., 1989b;
Lin et aL., 1991a; Sewall et aL., 1993), fish liver (Newsted & Giesy, 1993) and rat uterus
(Astroff et aL., 1990). ln contrast, EGF receptor binding was increased in palatal medial
epithelial cells from mouse embryo (Abbott et aL., 1989). Support for the role of the Ah
receptor in mediating down-regulation of the EGF receptor has been supported by
structure-activity studies in mice (Ryan et aL., 1989b) and the differential responsiveness
of congenic mice differing only in the structure of the Ah receptor gene (Lin et al.,
1991 b). It has been suggested that decreased EGF receptor binding may play a role in the
development of hepatocellular carcinomas in female rats treated with 2,3,7,8-TCDD
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(Sewall et aL., 1993), since development of preneoplastic hepatic lesions and decreased
hepatic EGF receptor binding was observed only in unovarectomized 2,3,7,8-TCDD
treated animaIs. 2,3,7,8-TCDD also induces TGFa, IL-Iß and TGFß rnA levels in
sorne cells (Abbott & Birnbaum, 1990a; Choi et aL., 1991; Sutter et aL., 1991; Gaido
et al., 1992; Döhr et al., 1994; Lee et aL., 1996). Expression of PAI-2 is induced in the
human keratinocyte cellline SCC-12F (Sutter et aL., 1991) and in human hepatocytes in
primar culture (Gohi et al., 1996). 2,3,7,8-TCDD has been shown to alter transcription
factors involved in growth and differentiation. Both in vivo and in vitro, 2,3,7,8-TCDD
causes a rise in the expression of ras and erbA, both proto-oncogenes (Matsumura,

1994). ln-vitro studies have shown an increase in the expression of c-fos and c-jun, as
well as an increase in APl (Puga et al., 1992).

4.3.4 Modulation ofthyroid hormones, vitamin A and retinoids

Interactions between 2,3,7,8-TCDD and thyroid hormones (T4 and T3) and the effects
of altered thyroid hormone levels on the toxicity of 2,3,7,8-TCDD have been extensively
studied (see also Section 4.2.1(d)). Daily injections of T3 increased survival times of
animaIs treated with 2,3,7,8-TCDD (Neal et al., 1979) and thyroidectomy offered sorne
protection from 2,3,7,8-TCDD-induced mortality and immunotoxicity in rats (Pazdemik
& Rozman, 1985; Rozman et aL., 1985a, 1987). ln mice treated with 2,3,7,8-TCDD plus
T3 or T4, there was an increased incidence of deft palate (Lamb et al., 1986). Decreased
serum T4 levels have been observed in sorne laboratory animaIs after treatment with
2,3,7,8-TCDD (Bastomsky, 1977; McKinney et aL., 1985; Pazdemik & Rozman, 1985;
Rozman et aL., 1985b; Henr & Gasiewicz, 1987; Jones et aL., 1987; Sewall et al., 1995)
and this may be related to increased rates of thyroxine glucuronidation. However, in
other studies, thyroid hormone levels were unchanged or increased after treatment with
2,3,7,8-TCDD (Potter et aL., 1983; McKinney et al., 1985; Potter et al., 1986; Henr &
Gasiewicz, 1987). The decrease in serum T4 levels in rats treated with 2,3,7,8-TCDD
was preceded by an initial decrease in serum prolactin levels (within 4 h) which were
then significantly increased seven days after the initial exposure (Jones et aL., 1987).
Hydroxylated PCDDs have been found to bind to the thyroid hormone-binding proteins
in in-vitro experiments using human TBG (Lans et al., 1993, 1994). For PCDDs, it has
not been shown that the observed decreased T 4 levels in in-vivo experiments were
caused by these hydroxylated metabolites. ln view of the extremely low biotransfor-
mation rate of most 2,3,7,8-PCDDs, other mechanisms might be involved (Van den Berg
et aL., 1994; van Birgelen et aL., 1995b).

The similarties between sorne 2,3,7,8-TCDD-induced toxic responses and hypo-

vitaminosis A, and the synergistic interactions between 2,3,7,8-TCDD- and retinoic acid-
induced deft palate (Abbott & Bimbaum, 1989a,b; Birnbaum et aL., 1989) have stimu-
lated several studies on the biochemical responses associated with these interactions.
Several studies have reported that 2,3,7,8- TCDD markedly decreases hepatic retinol
levels in varous laboratory animal species, the guinea-pig being the most sensitive.
Modulation of serum retinol levels and of concentrations in other organs was species-
dependent (Thunberg et aL., 1980; Thunberg & Håkansson, 1983; Rozman et aL., 1987;
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Brouwer et aL., 1989; Håkansson & Hanberg, 1989; Jurek et aL., 1990; Pohjanvirta et aL.,
1990; Håkansson et aL., 1991a,b; Hanberg et aL., 1996). ln 2,3,7,8-TCDD-exposed rats, a
pronounced, rapid and long-Iasting increase in renal vitamIn A was observed. Feeding
vitamin A-supplemented diet to male Sprague-Dawley rats did not result in a consistent
reduction in 2,3,7,8-TCDD toxicity (Håkansson et al., 1990). Hepatic stellate cells are a
major storage site for vitamin A (retinyl ester form) and treatment with 2,3,7,8-TCDD
markedly reduces retinol and retinyl palmitate levels in these cells; however, this is not
accompanied by decreased cell number or transformation (Hanberg et aL., 1996). 2,3,7,8-
TCDD also affects retinoic acid metabolism and tissue-specifie accumulation of varous
metabolites (Fiorella et aL., 1995), and it has been suggested that 2,3,7,8- TCDD-induced
toxicity may be related to altered metabolism of retinoic acid. 2,3,7,8- TCDD also
decreases retinoic acid-induced gene expression in mouse embryonic cells (Weston et al.,
1995), and both retinoic acid and retinol inhibit 2,3,7,8-TCDD-induced termnal differen-
tiation in human keratinocytes (Berkers et aL., 1995). The significance of vitamIn A
depletion for the chronic toxicity of 2,3,7,8- TCDD is unclear.

4.3.5 Modulation of protein phosphorylation

Kinase-dependent protein phosphorylation plays a central role in cell signallng, and
2,3,7,8- TCDD alters both protein phosphorylation patterns and kinase activities. For
example, treatment with 2,3,7,8-TCDD stimulates protein kinase C activity in rat spleno-
cytes, hepatocytes, thymocytes, hippocampal cells and rat and guinea-pig hepatic plasma
membranes (Bombick et aL., 1985; DePetrillo & Kurl, 1993; Wölfle et aL., 1993; Zorn
et aL., 1995; Hanneman et aL., 1996). 2,3,7,8-TCDD also induces tyrosine phosphory-
lation in many of these same cell types (lvamer et aL., 1987; Clark et aL., 1991c; Ebner
et aL., 1993; Ma & Babish, 1993; DeVito et aL., 1994; Enan & Matsumura, 1994a,b,
1995a,b). Snyder et al. (1993) showed that, in B6C3Fl mIce, 2,3,7,8-TCDD-induced
phosphorylation of proteins was selective for activated B cells. Purified B cells from both
DBA/2 (Ahd/Ahd) and C57BL/6 (Ahb/Ahb) mice demonstrated equivalent enhancement of
phosphorylation in response to 2,3,7,8-TCDD. Administration of human y-intederon
produced a reversaI of 2,3,7,8-TCDD-induced suppression of in-vitro antibody responses
in splenocytes isolated from B6C3Fl mIce. Ma and Babish (1993) demonstrated that
2,3,7,8-TCDD enhances phosphorylation of cyclin-dependent kinases (p34cdc2 and
p33cdk2) in mouse liver.

4.3.6 Modulation of biochemical responses assoczated with glucose metabolism and

transport

ln several rodent species, 2,3,7,8- TCDD decreased phosphoenol pyruvate carboxy-
kinase (PEPCK), glucose-6-phosphatase, GGT and pyruvate carboxylase activities, and
the reduced enzyme activities were correlated with decreased gluconeogenesis in the
treated anmaIs (Górski et al., 1990; Weber et aL., 1991b,c; Stahl et aL., 1992b, 1993;
Sparow et aL., 1994; Fan & Rozman, 1995; Li & Rozman, 1995; Ryu et aL., 1995).
2,3,7,8-TCDD also decreased PEPCK rnA levels in male Sprague-Dawley rats (Stahl
et aL., 1993) and the decrease in pyruvate carboxylase activity appears to be Ah receptor-
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mediated based on studies with congenic Ah-responsive (Ahb/Ahb) and less responsive
(Ahd/Ahd) male C57BL/6 mice (Ryu et aL., 1995). A comparson of the effects of 2,3,7,8-
TCDD in guinea-pigs (0.3-2.7 Ilg/kg) and hamsters (900-4600 Ilg/kg) showed that
hepatic PEPCK was decreased in hamsters but not guinea-pigs, suggesting that altered
carbohydrate homeostasis does not correlate with species-dependent susceptibility to
2,3,7,8-TCDD-induced lethality (Unkila et aL., 1995).

ln guinea-pigs, adipose tissue and brain glucose uptake was decreased, whereas in
liver, uptake was initially decreased (6-12 h) then increased (24-96 h) (Enan et aL., 1992;
Enan & Matsumura, 1994a). Decreased glucose transport activity was associated in mIce
with tissue-specifie decreased levels of glucose transporter (Liu & Matsumura, 1995).
The relationship between the effects of glucose transport and 2,3,7,8-TCDD-induced
toxicity has yet to be determned.

Several studies of rats and rhesus monkeys have shown consistent decreases in serum
glucose levels after daily doses of 2,3,7,8- TCDD administered over 30 days (Zinkl et al.,
1973) or after a single dose (McConnell et al., 1978b; Gasiewicz et al., 1980; Schiller
et al., 1986; Ebner et al., 1988).

4.3.7 Modulation of oestrogenic responses by PCDDs

2,3,7,8-TCDD inhibited the following oestrogen-induced responses in the ovarec-
tomized or immature female rodent uterus: uterine weight increase, progesterone receptor
levels, peroxidase activity, EGF-receptor binding and rnA levels, and c-fos proto-
oncogene rnA levels (Romkes et aL., 1987; Astroff & Safe, 1988; Romkes & Safe,
1988; Umbreit et aL., 1988, 1989; Astroff & Safe, 1990; Astroff et aL., 1990; Astroff &
Safe, 1991; Astroff et al., 1991). ln 21 day-old weanling rats, inhibition of oestradiol-
induced uterine weight increase was not observed in Sprague-Dawley rats (White et aL.,
1995). ln-vitro studies using human breast cancer celllines have also demonstrated the
negative regulation by 2,3,7,8-TCDD of the following oestradiol-induced responses: cell
proliferation, (3H)thymidine uptake, postconfluent focus production, secretion of pS2,
cathepsin D, procathepsin D and tissue plasminogen activator activity, progesterone
receptor binding, and oestrogen receptor, progesterone receptor, pS2, prolactin receptor
and cathepsin D gene expression (Gierthy et aL., 1987; Gierthy & Lincoln, 1988; Biegel
& Safe, 1990; Krshnan et aL., 1992; Krshnan & Safe, 1993; Wang et aL., 1993; Harer
et aL., 1994; Moore et al., 1994; Zacharewski et aL., 1994; Krshnan et aL., 1995; Lu
et aL., 1996). Moreover, using oestrogen-responsive promoter-reporter constrcts derived
from the 5'-regions of the pS2 and cathepsin D genes, 2,3,7,8-TCDD also inhbited E2-
induced reporter gene activity in transiently transfected MCF-7 cells (Zacharewski et aL.,
1994; Krshnan et al., 1995). The role of the Ah receptor in mediating the anti-oestro-
genic activities of varous structural classes of agonists has been confired in several
studies (Safe, 1995). Structure-activity studies with several Ah receptor agonists indi-
cated a role of the Ah receptor in negatively modulatory oestrogenic responses (Krshnan
et aL., 1994; Zacharewski et aL., 1994). ln fact, interference between oestrogen- and Ah
receptor-dependent signallng pathways has recently been proposed to be mediated by
physical interaction between these receptor systems (Kharatt & Saatcioglu, 1996).



304 lARe MONOGRAHS VOLUME 69

Expression of a functional nuclear Ah receptor complex is required for ligand-induced
anti-oestrogenicity (Moore et al., 1994). Studies of the cathepsin D gene have shown
strategically located Ah receptor-binding sites, which may impair oestrogen-receptor
function. A similar mechanism may be operative for inhibition of oestradiol-induced pS2
gene expression (Zacharewski et aL., 1994). It should be noted that the above oestrogen
receptor modulatory effects of PCDDs are tissue-, age- and species-specific (Safe, 1995).

2,3,7,8-TCDD inhibits aromatase (CYPI9) activity in the human choriocarcinoma
cell line Jeg-3. The ECso value for inhibition was in the same range as that observed for
CYPIAI induction in this cell type (Drenth et aL., 1996). This action could be a cause for
the anti-oestrogenic effects of PCDDs; these in-vitro results need to be confirmed in
in-vivo experiments.

4.3.8 Role of oxidative stress in the toxicity of PCDDs

Exposure of rats to an oral dose of 100 Ilg/kg bw 2,3,7,8-TCDD (a lethal dose)
increased lipid peroxidation in hepatic mitochondria (Stohs et aL., 1990). Marked
increases in hepatic lipid peroxidation were observed in female Sprague-Dawley rats
(males not studied) seven days after treatment with 50 Ilg/kg 2,3,7,8-TCDD (Wahba
et aL., 1990). The increase in hepatic lipid peroxidation was suppressed by antioxidants
such as butylated hydroxyanisole, vitamin A or d-a-tocopherol (Stohs et aL., 1984).
2,3,7,8-TCDD also enhanced lipid peroxidation in varous other tissues (Bagchi et aL.,
1993) and altered membrane structure and functions. Enhanced lipid peroxidation after
2,3,7,8-TCDD treatment was suggested to arse as a secondar phenomenon in 2,3,7,8-
TCDD toxicity, possibly contributing to lethality (Pohjanvirta et aL., 1990c). 2,3,7,8-
TCDD depleted glutathione levels, altered calcium homeostasis and increased DNA
damage in the form of single strand breaks (Stohs et aL., 1990). ln addition, 2,3,7,8-
TCDD enhances the release of TNFa (Alsharif et aL., 1994a) and induces production of
stress/heat shock protein 90 (hsp90) (Perdew, 1992; Henr & Gasiewicz, 1993; Abbott
et aL., 1994a). The use of TNP antibody decreases 2,3,7,8-TCDD-induced DNA damage,
lipid peroxidation and macrophage activation.

4.3.9 Cel! cycle regulation and apoptosis

Exposure to 2,3,7,8-TCDD delays GI-S progression in mouse and rat hepatoma cells
in a receptor-dependent manner (Göttlicher & Wiebel, 1991; Ma & Whtlock, 1996;
Weiss et aL., 1996), whereas 2,3,7,8-TCDD-induced enhancement of cell proliferation
has been observed in human squamous carcinoma cell lines in a ceU confluence-
dependent manner (Hébert et aL., 1990b).

Tyrosine phosphorylation and the level of expression of two cyclin-dependent kinases
which regulate cell cycle progression have been found to be increased in mouse liver
after both acute (Ma & Babish, 1993) and subchronic (DeVito et aL., 1994) 2,3,7,8-
TCDD dosing. Increased cell proliferation does not necessarly determne that cancer
wil occur, and hence not aU chemIcals that cause increased cell proliferation cause
cancer (Melnick et al., 1992).
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Recent studies have also demonstrated that 2,3,7,8-TCDD modulates programmed
cell death (apoptosis) in vivo and in vitro. ln Ah-responsive mice deficient in the

apoptosis-inducing ligand Fas, 2,3,7,8- TCDD was less toxic to the thymocytes than in
Fas-proficient mice (Rhile et aL., 1996). ln a study in female BALB/cJ mice treated with
a single intraperitoneal dose of 30 l1g/kg 2,3,7,8- TCDD, however, no indication of
thymocyte apoptosis was obtained (Silverstone et aL., 1994b).

Stinchcombe et aL. (1995) reported suppression of apoptosis in preneoplastic
hepatocytes in a two-stage initiation-promotion protocol. Inhibition of apoptosis with
1 nM 2,3,7,8-TCDD was also observed in rat hepatocytes in primary culture pretreated
with ultraviolet light or 2-acetylaminofluorene (Wömer & Schrenk, 1996). This effect
was linked to negative regulation of expression of the p53 tumour-suppressor gene.

4.4 Reproductive and developmental effects

4.4.1 Humans

Most studies on human reproductive effects of PCDDs concem paternal exposure,
usually long after a high exposure occurred. A number of studies evaluated reproductive
effects in cohorts with high potential for exposure to 2,3,7,8-TCDD or other PCDDs.
These studies include the United States Ranch Hand personnel (Wolfe et al., 1995), the
Seveso population (Mastroiacovo et aL., 1988), workers who manufactured TCP and
2,4,5- T (Townsend et aL., 1982; Suskind & Hertzberg, 1984) and pesticide applicators
(Smith et al., 1992b). Only the studies of Ranch Hand personnel and of pesticide appli-
cators measured serum 2,3,7,8-TCDD levels, and the quality of the studies vares.
Cohorts of Vi et Nam veterans other than Ranch Hand personnel (Stellman et al., 1988;
Centers for Disease Control Vietnam Experience Study, 1988b) and of Missouri resi-
dents (Stockbauer et al., 1988) have not been proven to have high potential for exposure
or the exposure was not well defined.

The study populations mentioned below and their exposures are described more fully
in Sections 1.3.1, 1.3.2 and 2.2.

(a) Endocrine and gonadal effects

Total serum testosterone, LH and follcle-stimulating hormone (FSH) were measured
in 248 TCP production workers and in 231 non-exposed neighbourhood controls

matched for age and race (Egeland et aL., 1994). ln linear regression analyses, current
serum levels of 2,3,7,8-TCDD were positively related to LH and FSH and inversely
related to total testosterone levels after adjustment for potential confounders (age, body
mass index, diabetes melltus, current a1cohol consumption, race and smoking status).
Similar results were obtained by multiple logistic regression, showing stronger adverse
effects in higher-exposure groups. The presence of both low testosterone and high LH
was not observed in the same individuals, therefore, the authors interpreted their findings
as being suggestive of more subtle alterations in gonadotropins and testosterone than of
primar gonadal failure due to PCDD exposure.
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ln a random subsample of 571 men, from a total of 4462 who were examined,

Viet Nam veterans (n = 324) had significantly lower sperm concentrations than the 247
non- Viet Nam veterans (64.8 millon/mL versus 79.8 millon/mL) and a lower proportion
of 'normal' sperm heads (57.9% versus 60.8%) (Centers for Disease Control Vietnam
Experience Study, 1988a). There was also a doubling of the proportion of men with
sperm characteristics (concentration, percentage of motile cells, percentage of morpho-
logically 'normal' cells) below the normal range. Abilty to father children was not
affected. Differences in semen concentration and morphology could not be related to a
paricular subgroup of veterans or militar occupational specialty, to self-reported
combat experiences or to herbicide exposure.

ln the 1982 examination, 474 Ranch Hand veterans out of 1045 and 532 of the 1224
comparison veterans were included in the analysis of association between serum 2,3,7,8-
TCDD and serum testosterone, FSH, LH, testicular abnormality, sperm count, percentage
of abnormal sperm and testicular volume. No pattern of consistent or meaningful
associations was seen between 2,3,7,8-TCDD body burden and any of the varables
studied, when either categorized (% abnormalities) (Henrksen et aL., 1996) or analysed
as continuous varables (Henrksen & Michalek, 1996). The authors explain that their
study and the previous study by Egeland et al. (1994) differ in terms of the exposure
circumstances and demographics and conclude that 'the Ranch Hand exposure was not
sufficient to exhibit the associations similar to those seen in the industral workers, who
have higher dioxin body burdens and were exposed over a longer period of time than the
Ranch Hand veterans.'

(b) Effects on pregnancy (Table 63)

(i) Studies on Viet Nam veterans (United States and Australia)

Exposure data relating to these groups are described in Section 1.3.1(a)(ii); in general,
exposure to PCDDs was low, except in the case of the Ranch Hand Study. ln the
following studies, exposure to Agent Orange was classified as 'service in Viet Nam'. No
direct exposure measurements were made. However, in two studies, exposure indices
were based on location of service in Viet Nam. These indices may stil misclassify actual
exposure to Agent Orange.

Telephone interviews were conducted with 7924 Viet Nam veterans (87% of the
eligible) and 7364 non-Viet Nam veterans (84%), randomly selected from the Vietnam-
Era United States Ary personnel records (Centers for Disease Control Vietnam Expe-

rience Study, 1988b). Viet Nam veterans were more likely to report having fathered a
pregnancy that ended in a miscarage than were non-Viet Nam veterans (odds ratio, 1.3;
95% CI, 1.2-1.4). ln a birth defects sub-study (1237 Viet Nam veterans and 1045 non-
Viet Nam veterans) for which hospital bir records were obtained for all reported birs

(1791 offspring of Viet Nam veterans and 1575 offspring of non- Viet Nam veterans), no
difference in the rates of all bir defects was identified: 72.6 per 1000 birhs for Viet
Nam veterans; 71.1 per 1000 among non-Viet Nam veterans. The rates for major defects
were respectively 28.5 per 1000 and 23.5 per 1000. The adjusted odds ratio for total
defects among - offspring of black veterans was 3.3 (95% Ci, 1.5-7.5). The observed



Table 63. Results of studies examining the effect of 2,3,7,8-TCDD on pregnancy outcomes in humans

Reference Exposed group Control group Type of Data source: Outcome Outcome Outcome in Odds CI (95%
exposure exposure/ in exposed unexposed ratio unless

outcome (no.) (no.) indicated)-
"'StudIes of cohort with high potential exposure 0

Wolfe et al. 1006 conceptions 1235 conceptions Spraying/ Serum 2,3,7,8- Spontaneous abortion l'
~

(1995) among 454 Ranch among 570 non- handling of TCDD levels/ Comparson 172 1 n
Hand personnel Ranch Hand Agent Orange medical records Background exposure 57 1. 0.8-1.5 Ppersonnel Low exposure 56 1. 1. 0-1. 0

High exposure 44 1.0 0.7-1.3 ~
Stillbir Z

Comparson 13 1
~
i-

Background exposure 7 1.8 0.7-4.5 tT
Low exposure 6 1.8 0.7-4.7 V
High exposure 1 0,3 0.0-2.3 V-

Major bir defects t:
tT

Comparson 56 1 Z
Background exposure 17 1. 0.6-1.8 N0Low exposure 23 1. 1.-2.7 ~
High exposure 19 1.2 0.8-2.1 \:

Developmental delays ~
1

Comparson 71 1 V-
Background exposure 24 1.2 0.8-1.8 0
Low exposure 26 1.5 1.0-2.3 ;x

ZHigh exposure 21 1. 0.7-1.7 v:
Mastroiacovo 2900 birhs in 12391 birhs in 2,3,7,8-TCDD 2,3,7,8-TCDD Total birh defects 137 605 1.0 0.8-1.1"
et al. (1988) zones A, Band R, study area cloud released sail anal ysis/ Multiple bir defects 10 38 1. 0.6-2,0"

Seveso, Italy, outside zones A, from cherncal Seveso Syndromes 5 29 0.7 0.3-1.6"
1977-82 B and R plant accident Congenital Major birh defects 67 343 0.8 0.7-1.0"

Malformations Minor birh defects 70 262 1. 0.9-1.4"
Registr

VJ0-i
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Table 63 (contd)

Reference Exposed group Control group Type of Data source: Outcome Outcome Outcome in Odds CI (95%
exposure exposure/ in exposed unexposed ratio un1ess

outcome (no.) (no.) indicated)

StudIes of cohort with high poteutial exposure (contd)
Townsend Male chemica1 Unexposed Ch10rophenol Company Total conceptuses 737 2031
et al. (1982) workers exposed to workers and 2,4,5- T records/ AIl fetal deaths 100 246 1.0 0.8-104

any PCDDs production interview Stilbir 15 33 1. 0.5-2.1 -
Spontaneous abortions 85 213 1.0 0.8-1.4 ~
Infant deaths 9 39 0.6 0.3-1.4 n
Health defects 52 155 0.9 0.6-1.2 ~
Congenital 30 87 0.9 0.5-1.4 0
malformations Z0

Suskind & 189 male chemical 155 male 2,4,5- T process Interview, Pregnancies 655 429 0
Hertzberg workers exposed to workers in the persona1 work Miscarages 69 51 0.9' NS

g;
(1984) 2,4,5- T processes same plant not records/ StiIlbirs 11 5 lA' NS "'

exposed to interview Dead in 4 weeks 17 6 1.8' NS ::
2,4,5- T processes Birh defects 18 11 1.1' NS

en
~

Smith et al. 548 male pesticide 441 agricultural Spraying of Mailed survey/ Total pregnancies 486 401 0
(1982b) applicators who contractors 2,4,5- T mailed survey Congenital defect 13 9 1.2 0.6-2.5 G

sprayed 2,4,5- T Miscarage 43 40 0.9 0.6-1.3" ~and other Stilbir 3 0 - - t'
pesticides 0'

\0
StudIes of cohort with potential for low or undefined exposure

Stockbauer 402 birs to 804 birhs to Contact with EP A soil B irt defects - aIl 17 42 0.8 004-1.5
et al. (1988) exposed mothers unexposed soi1 sprayed analyses for Major birh defects 15 35 0.8 004-1.7

mothers with 2,3,7,8- 2,3,7,8-TCDD/ Multiple birt defects 2 11 0.3 0.0-1.7
(matched on TCDD for dust vita statistics Fetal deaths 4 5 1.6 0.3-704
maternal age and control and hospital Infant deaths 5 5 2.0 0.5-8.7
race, hospital and records Perinatal deaths 6 9 1.3 004-4.2
year of birh, Low bir weight 27 36 1.6 0.9-2.8
p1urality) Very 10w birh weight 1 4 0.5 0.0-5.1



Table 63 (contd)

Reference Exposed group Control group Type of Data source: Outcome Outcome Outcome in Odds CI (95%
exposure exposure/ in exposed unexposed ratio unless

outcome (no,) (no.) indicated)

Studies of cohorts with potential for IOW or undefined exposure (contd) "'
CDC (1988b) 7294 Viet Nam 7364 non- Viet Viet Nam Militar Total birth defects 826 590 1. 1.2-1.4 0l'veterans Nam veterans militar service records/self Spontaneous abortion 1. 1.2-1.4 ~

reports Low birt weight 716 655d 1. 0.8-1.4 n
Chìldhood cancer 25 17 1.5 0.8-2.8 P

CDC (1988b) 1791 offspring of 1575 offspring of Viet Nam Militar Total birth defects 130 112 1.0 0.8-1.4 0
Viet Nam veterans non-Viet Nam militar service records/self Major birh defects 51 37 1. 0.7-1.8 ~veterans report and Minor birh defects 58 54 1.0 0,7-1.5 ~hospital records Suspected birh defects 21 21 0.9 0.5-1. ""

verification rr
tiStellan et al. 2858 Viet Nam 3933 non-Viet Viet Nam Survey/ survey Diffculty conceiving 349 363 1. p -c 0.01 ti

( 1988) veterans Nam veterans militar service Spontaneous abortion 231 195 1.4 p -c 0.01 ~t:
Case-ontrol studies rr

Z
Erickson et al. 7133 infants from 4246 infants Viet Nam Self-reported Total birh defects (96 428 268 1.0 0.8-1. N0
(1984) the Metropolita from Georgia militar service and Exposure subcategories also .tAtlanta Congenital Vital Statistics Opportnity examned) ¡:

Defects Program Records Index/irh Spina bifida NR NR 1. ~
1

defects registry Cleft lip without deft NR NR 1. ti~
and vital palate 0
statistics ~~

Donovan 8517 infants born 8517 infants Past paternal Miltar Congenital anomalies 127 123 1.0 0.8-1. Z
C/et al. (1984) with congenital without ano- militar service records/

anomales males matched in Viet Nam hospital records
(Australia, 1966- by hospital,
79) period of birth,

age of mother,
hospital pay-
ment category

(.0
\C



Table 63 (contd)

OutcomeReference Exposed graup Control graup Type of
exposure

Data source:
exposure/
outcome

Outcome
in exposed
(no.)

Outcome in
unexposed
(no.)

Odds
ratio

CI (95%
unless
indicated)

Case-ontrol studJes (contd)
Aschengrau 201 spontaneous 1119 ful-term Viet Nam Militar Spontaneous abortion 10
& Monson abortion cases at birs at Boston rrlitar service records/
(1989) Boston Hospital Hospital for hospital records

for W omen Women

Aschengrau 966 infants with 998 normal term Viet Nam Militar Total birth defects 55
& Monson late adverse infants at Boston rrlitar service records/ ;; 1 major malformation 18

(1990) pregnancy Hospital for hospital records Minor malformation IL
outcomes at Women Stilbirhs 5
Boston Hospital Neonatal deaths 3
for W omen

Ha et aL. 87 cases of 87 surgical Cumulative Residence Gestational
(1996) gestational controls matched exposure to history and US trophoblastic disease

trophoblastic for age and last Agent Orange in rrlitar (hydatidiform mole or
disease at Ho Chi residence the environment records/ choriocarcinoma)
Minh City hospital Background exposure
Gynaecology adrrssions Highest cumulative
Hospital exposure

60

146'
45
32

5

9

0,9

1.
1.
0.9
3.2
1.

1.0
0.7

0.4-1.9

0.7-1.8
0.8-3.5
0.4-2,3
0.7-14.5
0.2-4.5

0.2-1.8

NS, not stated; NR, not reported
a 90% confidence interval
b Adjusted for mother's age at time of bir, bir control methods, labour and delivery complications, medical conditions and mediations during pregnancy, smoking and

alcohol use during pregnancy, high rab risk and gravidity
'Estimated from published results
dReferent category: non- Viet Nam veterans
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number of cases of central nervous system defects (26) among babies of Viet Nam
veterans was within the expected range (18.3-32.4) based on national rates (Birh
Defects Monitoring Program) or Metropolitan Atlanta race-specifie rates, whereas the
observed number (12) among non-Viet Nam veterans was lower than expected (17.0-
30.2).

Verified conceptions and birhs fathered during or after service in south-east Asia in
relation to serum 2,3,7,8-TCDD levels were compared in 454 Ranch Hand veterans and
570 air force veterans not involved in Ranch Hand (Wolfe et al., 1995). For the Ranch
Hand veterans, three categories of exposure were defined according to the extrapolated
initial 2,3,7,8-TCDD level at the time of conception: background, low (s 110 ngJkg
serum fat) and high (:; 110 ng/kg serum fat). There was no significant elevation in risk
for spontaneous abortions, stilbirhs, major birth defects or delays in development after
adjustment for several covarates. (The W orking Group noted that, of the studies of
pregnancy outcomes, this study presents the best-quality data with biologie al measure-
ment of exposure and medical reports of reproductive outcomes. However, measure-
ments were made up to 25 years after exposure ended and extrapolation to the initial
2,3,7,8- TCDD level at the time of conception may be imprecise. The power of the study
for detecting an increase in the rate of specifie birth defects is limited.)

A cross-sectional survey of the health status of Viet Nam veterans was conducted in a
random sample of members of the American Legion who served in the United States
ared forces during 1961-75 (Stellman et al., 1988). Return rates of the self-admI-
nistered mail questionnaire ranged from 52.5% to 64.1 %. Among the respondents, 42%
had served in south-east Asia. Of a total of 3046 live births and miscarages, 2215 were
fathered by veterans who served in south-east Asia; the potential exposure of these
veterans to Agent Orange was raned. The self-reported miscarage rate among wives of
Viet Nam veterans was 7.6% versus 5.8% among wives of non-Viet Nam veterans
(p -( 0.01) and increased with Agent Orange exposure index (7.3% for low exposure,
9.6% for high exposure). ln a multivarate model, Agent Orange exposure remained a
significant predictor of the rate of miscarage. (The Working Group noted the low pari-
cipation rate and low reliability of miscarage information from male parners. The mIs-
carage rates reported (5.8% for non-Viet Nam veterans) are in fact very low.)

A case-control study (Erickson et al., 1984) compared the Viet Nam experience of
fathers of 7133 babies born with a serious structural congenital malformation with 4246
babies bom without defects. Seventy per cent of eligible mothers and 56.3% of eligible
fathers completed an interview. An 'exposure opportunity index' (EOI) score was
assigned to Viet Nam veterans potentially exposed to Agent Orange. The risk of Viet
Nam veterans fathering babies with birh defects was not increased (odds ratio, 1.0; 95%
CI, 0.8-1.1); however, there was a slight increase for spina bifida (odds ratio, 1.1;
p :; 0.05), cleft lip with or without cleft palate (odds ratio, 1.1; p -( 0.05) and congenital
neoplasms with the higher EOI scores.

A case-control study was conducted in Australia including 8517 infants bom with
congenital anomales between 1966 and 1979 and the same number of matched control
children bom without an anomaly (Donovan et al., 1984). Viet Nam veterans comprised
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127 fathers of cases and 123 fathers of controls, giving an overall odds ratio among
veterans for fathering a malformed infant of 1.0 (95% CI, 0.8-1.3). No significant diffe-
rence was observed for the numbers of discordant pairs for anomalies of the central
nervous system, cardiac anomalies and chromos omal anomalies. No other group was
more frequent among cases.

A case-control study was conducted in Boston Hospital for W omen among 201
women admitted for spontaneous abortion (-c 28 weeks of gestation) and 1119 controls
(Aschengrau & Monson, 1989). The adjusted odds ratio for spontaneous abortion among
Viet Nam veterans' wives was 0.9 (95% CI, 0.4-1.9) and 0.7 (95% CI, 0.5-1.2) for non-
Viet Nam veterans' wives, using a group with no known militar service as a reference.
Odds ratios for early spontaneous abortion (-c 13 weeks of gestation) were 1.2 (95% CI,
0.6-2.8) and 0.7 (95% CI, 0.4-1.2) for Viet Nam and non-Viet Nam veterans' wives,
respectively.

ln a second case-control study conducted at Boston Hospital (Aschengrau & Monson,
1990), 857 cases of congenital anomaly, 61 cases of stilbirth, 48 cases of neonatal death
and 998 normal controls were identified. For Viet Nam veterans, the relative risk of
fathering an infant with one or more major malformations was slightly elevated when
compared with non- Viet Nam veterans (RR, 1.7; 95% CI, 0.8-3.5) and with non-veterans
(RR, 2.2; 95% CI, 1.2-4.0). Fathers of babies with major malformations served more
often in the Marne Corps and had longer durations of Viet Nam service. No paricular
type of defect was reported.

(ii) Environmental studies

The Seveso accident has provided a unique opportnity to evaluate the effect of
envifOnmental contamination on reproductive outcomes.

The Seveso Congenital Malformations Registry examined all live births and stilbirths
that occurred from 1 Januar 1977 to 31 December 1982 to women who were residents
of zones A, Band R and non-ABR (control area) in July 1976 (Mastroiacovo et al.,
1988). A total of 15 291 birts occurred, out of which 742 malformed were identified
(48.5/1000 birhs). Twenty-six birhs were recorded in the most highly contamnated area
(Zone A); none had any major structural defect and two infants had mild defects. The
frequencies of major defects observed in the area of low contamiation (Zone B) or very
low contamination (Zone R) were 29.9/1000 and 22.1/1000, respectively, compared to
27.7/1000 in the control area. No specifie subgroup of malformatIons was seen in excess
in the contamnated areas. The authors did not rule out the possibilty that an increase in
spontaneous abortions could have obscured an increase in malformations seen at birth.
Due to the small number of exposed pregnancies, this study had insufficient power to
show a low and specifie teratogenic risk increase. ExamnatIon of 30 induced abortions
which occurred just after the accident did not disclose any gross developmental abnor-
malities or chromos omal aberrations (Rehder et al., 1978).

Spontaneous abortions which occured in Cesano, Seveso, Desio, Meda and seven
other cities in the area were identified by reports to the County Medical Officer and
searching among admission/discharge hospital forms between July 1976 and December
1977 (Bisanti et al., 1980). Rates of spontaneous abortion (per number of pregnancies,
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excluding induced abortions) increased in the fourth trimester of 1976 (21.3%) in the
'most exposed cities of Cesano and Seveso, compared with 13.9% in Desio and Meda,
and 14.0% in the other seven cities (p -c 0.05). It decreased in the following trimesters.
When pregnancies were regrouped according to exposure zone, spontaneous abortion
rates were always higher in Zone B than in other zones after the last trimester of 1976.
(The W orking Group noted that these results are hard to interpret because ascertainment
bias cannot be ruled out. Inadequate details on the procedure are given to evaluate thIs
potential problem.)

Data on births in Zone A between April 1977 (nine months after the accident) and
December 1984 showed a significant excess of female births: 48 females versus 26 males
(p -c 0.001) (Mocarell et al., 1996). This ratio declined (64 females versus 60 males) in
the years 1985 to 1994 and was no longer significant. Parents with an excess of female
offspring were reported to have had a high 2,3,7,8-TCDD serum concentration in 1976.
This observed change in the sex ratio in the years following the accident, if it is
meaningful, could have several possible explanations (change in parental hormone
concentrations, selective male miscarages, mutations) in relation to high 2,3,7,8-TCDD
exposure. (The W orking Group noted that the number of reported birhs in Zone A

between 1977 and 1984 (74) is much higher than the 26 births reported by Mastroiacovo
et al. (1988) in Zone A between 1977 and 1982.)

Exposure to 2,3,7,8-TCDD occurred in eastern Missouri, after contaminated oil was
sprayed for dust control in 1971. A total of 402 births (i.e., any product of conception
with a gestational age of 20 weeks or longer) were identified between 1972 and 1982
among women who had potential exposure to PCDDs, based on proximity of residence
to a location of known contamination (Stockbauer et al., 1988); 804 unexposed birts
among Missouri residents were selected for comparson. Increased but not statistically
significant risk ratios were observed for infant, fetal or perinatal death and low birth
weight. Birth defects were not increased; however, the power of thIs study, as computed
by the authors, for detecting a doubling in the risk of total birth defects was low at 34%.

Four ecological studies have evaluated the relationship betwee,n reproductive out-
cornes and the potential for environmental exposure to 2,3,7,8-TCDD. These studies
have analysed correlations between annual rates of birh defects and usage of 2,4,5- T in
corresponding geographical areas having different levels of aerial spraying. As in all
ecological studies of this kind, it is not possible to extrapolate results to an individual
leveL. These studies failed to show consistent patterns of birh defects or malformations
(Field & Kerr, 1979; Nelson et aL., 1979; Thomas, 1980; Hanfy et aL., 1981).

A summar of methods and findings of several investigations conducted in Viet Nam
by Vietnamese researchers, on the reproductive effects of Agent Orange sprayings, was
published by Constable and Hatch (1985) and Sterling andArndel (1986). AlI these
studies showed evidence of an increased risk for adverse reproductive outcomes such as
abortions, stilbirs, congenita malformations (especially of the central nervous system

and oral clefts) or molar pregnancies in relation to Agent Orange sprayings, both among
southern Vietnamese populations and to wives' of veterans from the north. Although

many of the results are string, details on the methods used are lacking and there is no
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reassurance that potential selection bias, reporting bias or confounding which are major
problems in the type of studies presented, were avoided.

A case-control study on gestational trophoblastic disease (molar pregnancy or chorio-
carcinoma) was conducted in 1990, in the Obstetrcs and Gynaecology Hospital in Ho
Chi Minh City (Ha et al., 1996). A total of 87 cases and 87 surgical controls matched for
age and area of residence (two strata: Ho Chi Minh City, province) were interviewed at
the hospital. AlI had been mared. Cumulative exposure to Agent Orange was estimated
from history of residence since the sprayings and from data on spraying missions from
the United States militar records. There was no difference in past exposure to Agent
Orange between cases and controls. Negative findings could be explained by mIs-
classification of exposures or by the decrease in exposure since the end of the sprayings.
The 2,3,7,8-TCDD levels however remain elevated today in Vietnamese blood and tissue
(Schecter et al., 1995).

(iii) Occupational studies

A study was conducted among wives of chlorophenol production workers who were
potentially exposed to PCDDs and unexposed controls (Townsend et al., 1982).
Information on reproductive outcomes was obtained by interview from 370 and 345
wives of exposed and unexposed workers, respectively: 737 pregnancies occured after
potential patemal exposure, whereas 2031 pregnancies were considered to be unexposed.
Odds ratios were 1.1 (95% CI, 0.5-2.1) for stilbirths, 1.0 (95% CI, 0.8-1.4) for sponta-
neous abortions and 0.9 (95% CI, 0.5-1.4) for congenital malformations. No specifie
pattern of malformations or increasing risk of unfavourab1e outcome with length of
paternal exposure (12 months or less, more than 12 months) was seen. (The W orking
Group noted that this study assumed the effect of paternal exposure to PCDDs to be an
irreparable event, so that every subsequent pregnancy was considered to be exposed,
whatever the tIme since last exposure. No figures were presented according ta this last
varable and no detail was given on the actuallevel of exposure to PCDDs in the plant.)

ln New Zealand, the rates of varous outcomes among wives of men who sprayed
2,4,5- T at sorne time during the two-year period preceding birth outcome (486
pregnancies) were compared with rates among wives of agricultural contractors who did
not spray pesticides during the correspondig period (401 pregnancies) (Smith et aL.,
1982b). Relative risks were 0.9 (90% CI, 0.6-1.3) for miscarage and 1.2 (90% CI 0.6-
2.5) for congenital defect. Three stilbirhs (7.0 /1000 live birhs) were reported in the
exposed group and none in the unexposed group. The authors concluded, however, that
small increases in risk, especially for individual defects, could not be ruled out. The nIne
pesticide applicators had been chosen because they had the longest durations of exposure
to phenoxy herbicides. The average exposure of the cohort would have therefore been
much lower.

Inormation on reproductive factors and bir defects was obtained from 189 PCDD-
exposed herbicide production workers in West Virginia, USA, and 155 unexposed
controls, but was not confired by physician or hospital records. Among 655 pre-
gnancies in the exposed population and 429 in the controls, the rates of miscarages,
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stilbirths or birth defects and the patterns of birh defects were similar (Suskind &
Hertzberg, 1984).

4.4.2 Experimental systems

Developmental toxicity has been observed at lower 2,3,7,8-TCDD exposure levels
than those producing male and female adult reproductive toxicity in varous animaIs.

(a) Developmental effects

(i) General embryo- and fetotoxicity

There are numerous reviews concernng aspects of the developmental effects of
PCDDs and related compounds in a range of vertebrate species (Couture et al., 1990a;
Bimbaum, 1991; Peterson et aL., 1993; Battershil, 1994; Sauer et aL., 1994; Bimbaum,
1995b; Brouwer et al., 1995; Lindstrom et al., 1995; Abbott, 1996; Birnbaum, 1996;
Bimbaum & Abbott, 1997).

At dose levels below those where overt toxicity occurred in the dam, growth retar-
dation was detected in the offspring. Thymic and splenic atrophy were also noted. Sub-
cutaneous oedema was observed in several species and gastrointestinal haemorrhage in
others. Higher levels of exposure resulted in fetal deaths and resorptions. One of the key
observations has been that the dose levels associated with fetal toxicity are similar across
species, regardless of the dose associated with adult lethality. For example, Han/istar
(Kuopio) rats, that are uniquely resistant to 2,3,7,8-TCDD-induced lethality in the adult,
exhibit developmental toxicity similar to that of Long-Evans (Turku) rats that are
extremely susceptible to the lethal effects of 2,3,7,8-TCDD (Huuskonen et al., 1994).
Fetotoxicity occurs after approximately the same dose to the dam of both rats and
hamsters, although the adult LDso vares by over a factor of 100 (OIson et al., 1990).

(ii) Teratogenic effects

Cleft palate and hydronephrosis

Exposure of pregnant mice to 2,3,7,8-TCDD and related compounds caused a
pathognomonic syndrome of effects in the offspring at doses (e.g., a subcutaneous dose
of 0.3 llg/kg/day durng gestation days 6-15) that result in no overt toxicity to the mother
(Couture et al., 1990a). Either divided doses thoughout organogenesis or a single higher
dose resulted in a similar spectrum of strctural malformations in the pups consisting of
clefting of the secondar palate and hydronephrosis. The peak period of sensitivity for
induction of palatal clefting was gestational days 11-12; exposure on gestational day 14
or later cannot induce deft palate since fusion lias already occurred. A clear window of
sensitivity was not seen for hydronephrosis. The same dose (3-24 pg/kg) was associated
with an identical incidence and severity of the renallesion whenever treatment occurred
durng gestational days 6-12 (Coutue et aL., 1990b). Hydronephrosis also resulted frOID
lactational exposure only(dose 3-12 llglg given on gestation day 6), although ths was
less effcient than transplacental exposure (Couture-Haws et aL., 1991). Hydronephrosis
was also induced at doses below those which induced palata clefting. At low doses, mild
hydronephrosis was observed, predominantly in the right kidney. At higher doses, both
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the incidence and severity of response increased in both kidneys. Hydronephrosis was
often accompanied by hydroureter. The cause of both conditions was inappropriate proli-
feration of the ureteric epithelium resulting in a narowing and blockage of the lumen
(Abbott et al., 1987). Urine produced by the fetal kidney was blocked from being
eliminated, leading to destruction of the renal parenchyma.

Inappropriate epithelial cell proliferation also appears to play a major role in palatal
clefting. 2,3,7,8- TCDD blocked fusion of the opposing palatal shelves in mice (Pratt
et al., 1984), although the shelves did make contact. During normal development, the
medial epithelium transforms into mesenchyme (Fitchett & Hay, 1989; Shuler et aL.,
1992). This epithelial-mesenchymal differentiation was blocked by 2,3,7,8-TCDD. The
medial epithelium continued to proliferate and under the influence of 2,3,7,8-TCDD,
transformed into an oral-like stratified squamous epithelium complete with desmosomes,
tonofilaments and keratins (Abbott & Birnbaum, 1989a).

No species other than the mouse shows similar responses at non-toxic doses
(reviewed in Couture et aL., 1990a). For example, cleft palate has been reported in rats
exposed during organogenesis, but the dose needed to produce clefting also results in
fetotoxicity, fetal wastage and maternaI toxicity. Although increased incidence of hydro-
nephrosis has been reported, in no case was the incidence statistically significant. Renal
abnormalities have been seen in hamsters, but these also occurred only at doses where
fetotoxicity was evident.

Although the majority of studies examining the mechanism of PCDD teratogenicity in
mice have been conducted with 2,3,7,8- TCDD, there have been many investigations of
the induction of cleft palate and hydronephrosis by other PCDD-like compounds (see
cited reviews). Several higher chlorinated PCDDs cause the same spectrum of birth
defects as 2,3,7,8-TCDD (Birnbaum, 1991).

Other developmental effects
Gastrointestinal haemorrhage has been observed in guinea-pigs and rats. Prenatal

exposure of mice to either 2,3,7,8-TCDD or 2,3,4,7,8-PeCDF resulted in haemorrhage of
embryonic blood into the maternal circulation because of rupture of the embryo-matemal
vascular barer (Khera, 1992).

Whle the majority of experimental studies with PCDDs have focused on exposure
during organogenesis, treatment earlier in gestation has been noted to result in feto-
toxicity (Giavini et aL., 1982). ln addition, however, recent studies have indicated that
PCDDs can accelerate differentiation of the preimplantation embryo (Blanenship et al.,
1993). The Ah receptor has been demonstrated to be present in the developing embryo
from the eight-cell stage (Peters & Wiley, 1995).

The developing teeth also appear to be a target for PCDD-induced effects. Neonatal
exposure of BALB/c mice to 150 llg/kg 2,3,7,8-TCDD by intraperitoneal injection leads
to accelerated tooth eruption in mice (Madhukar et aL., 1984). Impaired dentin and
enamel formation has been observed in the continuously growing incisors of young male
Hanista rats (1000 llg/kg intraperitoneal injection) (Alaluusua et al., 1993) following
2,3,7,8-TCDD exposure.
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The developing immune system is also a target for PCDDs (reviewed in Bimbaum,
1995a). Exposure during organogenesis results in lymphoid atrophy. Mice fail to survive
because of the induction of deft palate. To avoid this effect, mice can be treated on
gestation day 14, when the palate has aIready fused. Under these conditions, 2,3,7,8-
TCDD accelerated the differentiation of prothymocytes in the bone marow (Fine et aL.,
1989, 1990a,b). This suggests that thymic atrophy may be a result of altered differen-
tiation of cells from the bone marrow. The ratio of T-lymphocyte subsets is altered in the
pups as weIL. Holladay et aL. (1991) also observed changes in the sudace markers of
lymphocytes following prenatal exposure. Exposure of rats on gestational day 15, which
is developmentally slightly earlier than gestation day 14 in the mouse, leads to similar
changes in T-cell subset ratios in the rat offspring (Gehrs & Smialowicz, 1994). This is
associated with permanent suppression of delayed-type hypersensitivity in the rat
offspring (Gehrs et al., 1995), an immunologie al measure highly correlated with altered
host resistance and increased disease sensitivity. The dose levels associated with
permanent immune suppression in the developing rat are even lower than those needed in
the prenatally exposed mouse. This is in contrast to the apparent resistance in adult rats
to immunosuppression following exposure to PCDDs (Smialowicz et aL., 1994).

(iii) Role of growth factors and hormones
Further information on this topic is presented in Sections 4.3 and 4.6.

Alterations in proliferation and differentiation play a role in deft palate, hydro-
nephrosis and immunological developmental effects. While reactive oxygen species may
paricipate in some of the teratogenic effects of 2,3,7,8-TCDD (Hassoun et aL., 1995),
changes in varous growth factors and receptors are correlated with palatal defting.
During normal development, levels of EGF decrease and TGPa increases during palatal
fusion. 2,3,7,8-TCDD has little effect on EGF, but does block the increase in TGFa in
the developing palate (Abbott & Bimbaum, 1990a, 1991). The EGF receptor, which is
normally present in the epithelium, decreases during palatal fusion (Abbott & Bimbaum,
1989a). This decrease is blocked by 2,3,7,8-TCDD (Abbott & Birnbaum, 1989b; Abbott
et al., 1994b). Whether this is a compensatory increase in the receptor level due to the
decrease in the presence of its ligands remains to be determned. However, these changes
probably play a role in the continued proliferation of the medial ~pithelium resulting in
deft palate due to 2,3,7,8-TCDD. Several members of the TGFß family also respond to
2,3,7,8-TCDD. While these growth factors frequently inhibit epithelial cell proliferation,
they are often stimulatory to cells of mesenchymal origin. 2,3,7,8-TCDD causes an
increase in TGFßl and TGFß2 in the medial epithelium (Abbott & Birbaum, 1990a,
1991; Abbott et aL., 1994b). These growth factors also increase in the underlying mesen-
chyme in response to 2,3,7,8-TCDD.

Cleft palate can also be induced by exposure to glucocorticoids; however, the mecha-
nism is distinct fromthat of 2,3,7,8-TCDD. Glucocorticoids cause growth inhibition of
the palata shelves, resulting in small shelves which fail to make contact and thus cannot
fuse.(Pratt, 1985). Co-treatment of mice with hydrocortisone and 2,3,7,8-TCDD leads to
a synergistic increase in the incidence of cleft palate (Birbaum et al., 1986). The size of
the cleft suggests that growth inhbition plays a major role in this clefting. The changes
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in EGF, TGPa and ß and the EGP receptor also suggest that the effects resemble those
seen following exposure to hydrocortisone (Abbott, 1995). Sensitivity to glucocorticoid-
induced cleft palate is related to the numbers of glucocorticoid receptors. 2,3,7,8-TCDD
exposure causes an increase in the numbers of glucocorticoid receptors in the developing
palate (Abbott et al., 1994c), suggesting that the synergism of hydrocortisone-induced
deft palate by 2,3,7,8-TCDD may be associated with an increase in the number of steroid
receptors. However, there is an additionallevel of complexity in this interaction, since
hydrocortisone has been shown to increase the expression of the Ah receptor in the palate
(Abbott et al., 1994c). The Ah receptor is required for 2,3,7,8-TCDD induction of cleft
palate, as well as for all other well studied responses (reviewed in Birnbaum, 1994a).
2,3,7,8-TCDD causes a decrease in the level of Ah receptor expression in the palate at
the time of fusion (Abbott et aL., 1994d). Hydrocortisone blocks this decrease, suggesting
that the synergistic induction of deft palate by 2,3,7,8-TCDD and glucocorticoids may
involve interactions of multiple receptor and growth factor systems.

2,3,7,8-TCDD can also interact synergistically with retinoic acid in the induction of
deft palate (Birbaum et aL., 1989). ln contrast to the interaction with hydrocortisone, the
retinoid/2,3,7,8-TCDD combination results in effects on growth factors resembling those
seen with 2,3,7,8-TCDD (Abbott & Birbaum, 1989b). It is not yet known whether
retinoic acid up-regulates the Ah receptor in the palate, as has been demonstrated for the
glucocorticoid receptor. However, 2,3,7,8-TCDD exposure can block a retinoid-induced
increase in the retinoic acid receptor (Weston et aL., 1995) in cultured mouse embyronic
palatal mesenchyme cells. Wanner and co-workers (1995) have also shown that retinoic
acid can suppress the differentiation-induced increase in the Ah receptor in cultured
keratinocytes. Thus, there appears to be potential for cross-talk between the Ah receptor
and receptors in the steroid family.

While the majority of studies examning 2,3,7,8-TCDD-induced changes in growth
factor and hormone receptors have concentrated on the developing palate, changes have
also been observed in the developing urinar tract. An increase in EGF receptors in the
ureteric epithelium in response to PCDDs is associated with the induction of hydro-
nephrosis (Abbott & Bimbaum, 1990b). Ths is similar to that observed in the enhanced
proliferation of the medial epithelium in the palate. However, while PCDDs decreased
Ah receptor expression in the developing palate at the time of fusion (Abbott et aL.,
1994d), there were no detectable changes in the levels of Ah receptor in the developing
urinar tract at the same tIme (Bryant et al., 1995). 2,3,7,8-TCDD exposure on gestation
day 10 leads to reduced levels of EGF in the ureteric epithelial cells, while TGFa
remains unchanged (Bryant et aL., 1996). No other growthfactors or receptors have been
examned in this target tissue. However, neither retinoids nor glucocorticoids cause
hydronephrosis.

(b) Functional developmental toxicity

(i) Male reproductive system effects

ln a series of studies, Mably et aL. (1992a,b,c) exposed pregnant Holtzman rats on
gestational day 15 to 2,3,7,8-TCDD at oral doses ranging from 0.064 to 1.0 llg/kg. They
focused on the effects upon male offspring because of the decrease in circulating
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androgens observed in highly exposed adult male rats (Moore et al., 1985). There was no
effect on anogenital distance in the PCDD-treated pups at birth and on postnatal day 4
when corrected for body weight differences with the controls. At all times when they
were measured (32-120 days of age), the weights of the accessory sex organs of the
prenatally exposed male offspring were decreased in a dose-related fashion and both
testicular and epididymal sperm counts were permanently reduced. The decrease in epi-
didymal sperm count was observed at the lowest maternaI dose tested (0.064 i-g/kg) on
day 120 and at most earlier times. When these male rats were mated around 70 and 120
days of age with control females, there was no significant effect upon fertility or survival
and growth of the offspring.

Male sexual behaviour was also altered. The males took longer to mount receptive
females, had more difficulty in achieving intromission and took more thrsts to achieve
ejaculation (Gray et aL., 1995a). Mably et aL. (1992c) reported a decrease in circulating
androgen levels in the male offspring at birth. However, later studies from the same
laboratory were not able to replicate these findings (Roman et al., 1995). Feminization of
sexual behaviour was also reported. When male pups prenatally exposed to PCDDs were
treated with oestrogens and progesterone following castration, they demonstrated an
increased lordotic response as compared to controls. The sexually dimorphic nuc1ei of
the preoptic area of the hypothalamus were also examined to see if there was 'demascu-
linization', but no change was observed (Bjerke et aL., 1994).

Effects due to prenatal exposure to 2,3,7,8-TCDD were investigated in another
laboratory (reviewed in Gray et al., 1995b) using Long-Evans rats and Syrian hamsters.
Both male and female offspring were studied. Rats were dosed with 1 Jlg/kg bw 2,3,7,8-
TCDD by gastrc instilation on gestational day 8 or 15 in order to determne if certain
sensitive developmental effects would have been missed by exposing on1y towards the
end of organogenesis. Hamsters were treated on gestational day 11, which is develop-
mentally similar to gestational day 15 in the rat (Gray & Ostby, 1995; Gray et aL.,
1995a). Dose-response studies were also conducted in rats, with doses of 0.8, 0.2, and
0.05 Jlg/kg maternaI weight 2,3,7,8-TCDD (Gray et aL., 1995b). ln general, the results
obtained with Long-Evans rats were similar to those with Holtzman rats described above:
prenatal exposure resulted in decreased sperm counts, decreased accessory sex organ
weights and altered male mating behaviour. However, there were several significant
differences. The decrease in anogenita distance was associated with a decrease in body
weight (Gray et al., 1995a). While the decrease in testicular sperm was statistica1ly signi-
ficant, it was quite small (- 6%) and unlikely to explainthe much larger decrease in
epididymal (- 35%) and ejaculated (- 60%) sperm counts. No feminization of sexual
behaviour was seen, and there was no reduction in serum testosterone level or in ventral
prostate weight.

Although the male rat pups in both of these studies appeared to become aroused as
readily as controls, they had more diffculty in achieving intromission and ejaculation.
Whether ths was associated with subtle changes in the penis remains to be determned.
However, Bjerke & Peterson (1994) have observed a decrease in the weight of the glans
penis. Gray et aL. (1995a), in confiration of the results of Roman et al. (1995), failed to
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observed any change in androgen status, including the lack of change in the number or
affinity of androgen receptors. However, the two studies contrast in that no femInization
of behaviour was observed in the Long-Evans rats (Gray et al., 1995b). ln the male
hamster, there was no effect on the weight of testes or on serum testosterone level,
although there was a reduction in epididymal and ejaculated sperm (Gray et al., 1995a).
The delay in puberty, however, as measured by preputial separation, appears to be a
consistent finding among the two strains of rats and the hamster.

A significant decrease in epididymal sperm count was seen in the Long-Evans rats at
a maternaI dose of 0.2 l.g/kg 2,3,7,8-TCDD and the ejaculated sperm count was reduced
by 25% at a 0.05 l.g/kg dose (Gray et al., 1995b). Few other adverse effects were
observed in the male Long-Evans offspring below 0.2 l.g/kg. Premature eye opening, an
effect previously seen in mice (Madhukar et al., 1984), was seen at 0.05 l.g/kg. Prenatal
exposure was more effective on gestational day 15 than on gestational day 8 in terms of
male reproductive effects. This suggests that the window of sensitivity for the male
effects occurs late in organogenesis. Cross-fostering studies by Bjerke and Peterson
(1994), and earlier studies by Khera and Ruddick (1973), indicated that aU of the male
reproductive effects can be induced prenatalIy. The only exception is the femInization of
mating behaviour, already noted as a weak, if not species- and strain-specific, response
(Brouwer et aL. ,1995).

Exposure of Syrian hamsters on gestational day 11 to 2 J.g/kg 2,3,7,8-TCDD (a dose
over 1000 times lower than the adult LD 50) resulted in effects similar to those observed in
rats and, in spite of a decrease in seminal vesicle weight, there were no effects on male
sexual behaviour or on testis weight. Puberty was delayed, and epididymal and
ejaculated sperm count were permanently decreased (Gray et al., 1995a,b).

(ii) Female reproductive system effects

Multiple developmental effects were observed in female rats prenatally exposed to
1 l.g/kg 2,3,7,8-TCDD on gestation day 8 or gestation day 15 (Gray & Ostby, 1995) and
in female hamsters prenatally exposed ta 2 l.g/kg 2,3,7,8-TCDD on gestation day 11
(Gray et aL., 1995b). Vaginal opening was delayed in both species. ln rats, two structural
abnormalities were seen: a persistent vaginal thread across the normal vaginal opening,
and clefting of the external genitalia in the female pups. ln young adult female rats, there
was no change in oestrous cyclicity, suggesting a normal hormonal profile. The changes
in the extemal genitalia occurred at a higher incidence following exposure on gestational
day 15 as compared to gestational day 8. ln contras t, exposure early in organogenesis
was associated with premature reproductive senescence in the female pups, many of
whom stopped oestrous cycling before six months of age.

Prenatal exposure of hamsters resulted in similar effects (Gray et aL., 1995b). ln sorne
of the hamster pups, vaginal opening could not be easily detected; it was delayed in all of
the others. Clefting of the external genitalia was present in all of the female hamster
pups. Fertilty was also decreased in the female hamster offspring, probably due to the

strctual problems in the external genitalia, since no effect on cyclicity was observed.
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(iii) Central nervous system effects

Although most of the effects of prenatal exposure to 2,3,7,8-TCDD appear to directly
target the developing genitourinar system, there is sorne evidence for involvement of
the central nervous system. Gordon et al. (1995, 1996) have demonstrated that prenatal
2,3,7,8-TCDD exposure permanently depresses core body temperature in both rats and
hamsters. Rats were examined at 18 months of age following prenatal exposure on
gestational day 15 to 1 Ilg/kg 2,3,7,8-TCDD and hamsters at one year of age following
exposure of the dam to 2 Ilg/kg on gestational day 11. The set point for body temperature
is in the hypothalamus. The treated animaIs can stil respond to a cold or heat stress by
raising or lowering their body temperature as required, but their body temperature is
always lower than that of controls.

(iv) Persistence of effects

A key finding of these functional developmental toxicity studies is the permanent
nature of the responses following prenatal exposure. This is in contrast to sorne of the
biochemical responses, such as induction of hepatic cytochrome P450 content and EROD
activity, which retumed to control levels by 120 days of age (Mably et al., 1992a).

(v) Hormonal effects
Many of the developmental effects of 2,3,7,8-TCDD, such as clefting of the external

genitalia, resemble those seen with high doses of oestrogens (Vaner & Raynaud, 1980).
Endometriosis also requires the presence of oestrogens and, while low doses of 2,3,7,8-
TCDD (Cummngs et al., 1996) and related compounds (Johnson et al., 1996) promo te
the growth of endometriotic lesions in rodent models, high doses which cause ovaran
atrophy, and thus reduced levelsof oestrogens, are less effective.

Prenatal exposure to 0.025 or 0.1 Ilg/kg per day 2,3,7,8-TCDD on gestational days 10
to 16 of pregnant rats results in moderately depressed plasma T4 levels at weaning (Seo
et aL., 1995). While the pups had lowered T4 levels, no effects on thyroid status were
observed in the dams. Ths may have been associated with an increase in peripheral T4
metabolism in the pups (Morse et al., 1993).

(vi) Neurobehavioural effects
Hearng deficits in rats, due to an increase in the auditory threshold, can be induced

by exposure to a single dose of 2,3,7,8-TCDD of 0.3, 1.3 or 10 Ilg/kg on gestational day
19 (Goldey et aL., 1995, 1996). This response can be parially blocked by the addition of

exogenous thyroxine, suggesting a role for a depression in circulating thyroid hormones
in this response. Late gestational and lactational exposure of rats to 2,3,7,8-TCDD can
result in changes in locomotor activity and rearng behaviour (Thiel et al., 1994).
Prenatal and lactational exposure of rhesus monkeys to 2,3,7,8-TCDD also causes
changes in object learng (Schantz & Bowman, 1989).

(c) Reproductive effects

Reproductive effects have been reviewed by Allen et al. (1979), Morrssey and
Schwetz (1989) and Theobald and Peterson (1994).
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Multi-generation studies have been used to assess reproductive effects in both sexes.
ln a thee-generation study in Sprague-Dawley rats, Murray et al. (1979) noted that
exposure to a diet providing doses of up to 0.1 ¡.g/kg bw per day 2,3,7,8-TCDD resulted
in impaired reproductive capacity in rats as indicated by reductions in fertility and litter
size. While they reported a maximal no-effect level of 1 ng/kg bw per day, a different
method of statistical analysis indicated a lowest observed effect level of 1 ng/kg bw per
day (Nisbet & Paxton, 1982). (The Working Group noted that no sex ratio data were
provided.)

(i) Male reproductive system

2,3,7,8-TCDD causes a loss of germ cells, degeneration of both spermatocytes and
mature spermatozoa withIn the semIniferous tubules, and a reduction in the number of
tubules with mature spermatozoa. The lowest observed effect level for decreased sperma-
togenesis in Sprague-Dawley rats was 1 J-g/kg per day in a 13-week study (Kociba et aL.,
1976). This dose was associated with a depression in body weight gain and food
consumption, indicating that effects on spermatogenesis occur only under conditions of
overt toxicity. It was suggested that these adverse effects on the male reproductive
system might be due to decreases in plasma testosterone and dihydrotestosterone concen-
tration. A single dose of 15 J-g/kg 2,3,7,8-TCDD caused a significant decrease in circu-
lating testosterone levels within one day (Moore et al., 1985). The decrease in circulating
androgens appears to be due to decreased testicular responsiveness to LH and enhanced
sensitivity of the pituitar to feedback inhibition by androgens and oestrogens (Moore
et al., 1989; Bookstaff et al., 1990a,b; Kleeman et aL., 1990; Moore et al., 1991).

The Leydig cell is the primary site of steroidogenesis in the testis. At intraperitoneal
2,3,7,8-TCDD doses of 12.5-50.0 ¡.g/kg bw, there was a dose-dependent reduction in
Leydig cell volume in Harlan/Sprague-Dawley rats, due to both fewer cells and reduced
size of the individual cells (Johnson et al., 1992c, 1994). Ths could play a role in the
androgenic deficiency observed. Wilker et al. (1995) have shown that the effects on the
Leydig cells can be prevented by treatment with human chorionIc gonadotropic hormone
(hCG) whIch had been previously shown to block the decrease in circulating testosterone
levels (Ruangwies et al., 1991).

Under normal conditions, reduction in circulating androgens would cause an increase
in plasma LH, leading to a compensatory increase in testosterone biosynthesis by the
Leydig cells. ln adult male rats treated with toxic doses of 2,3,7,8-TCDD (50 /lg/kg bw),
in whIch the serum levels of androgens are decreased, the pituitar feedback regulation is

impaired (Moore et aL., 1989; Bookstaff et aL., 1990a,b; Kleeman et al., 1990).

(ii) Female reproductive toxicity

Treatment of the adult female with PCDDs can lead to reduced fertilty, reduced litter
size (Murray et al., 1979), effects on ovaran cycling and overt ovaran toxicity. ln adult
rats, hIgher levels of exposure (1/lg/kg per day for 13 weeks) led to anovulation and
suppression of the oestrous cycle (Kociba et al., 1976).

Several reproductive studies have also been conducted in rhesus monkeys exposed to
2,3,7,8-TCDD in the diet (Allen et aL., 1977, 1979; Barsotti et al., 1979). Females
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exposed to 500 ng/kg in the diet for nine months showed overt signs of maternaI toxicity,
including death. Only one of eight monkeys at this dose was able to car an infant to

term. ln contrast to the higher dose, no overt effect on maternaI health was seen at
50 ng/kg in the diet (Allen et al., 1979).

When female rhesus monkeys were exposed to 5 or 25 ng/kg of 2,3,7,8-TCDD in the
diet (Bowman et al., 1989a; Schantz & Bowman, 1989), reproductive performance was
not impaired in the low-dose group, in which seven out of eight monkeys gave birth to
live offspring. ln contrast, only one of eight females gave birth to a live infant in the
25-ng/kg group. These studies suggest that fetotoxicity can occur at doses below those
causing maternaI toxicity. Exposure of monkeys during early pregnancy to single or
divided doses of 1 llg/kg bw 2,3,7,8-TCDD resulted in only three of 16 monkeys having
live offspring, with most of the fetal loss being due to abortions (McNulty, 1984, 1985).

Anovulation and suppression of the oestrous cycle indicate ovarian dysfunction, and
occur in both adult rats and monkeys following high doses of 2,3,7,8-TCDD causing
overt toxicity (Kociba et aL., 1976; Allen et aL., 1979; Barsotti et aL., 1979). Li et al.
(1995b) demonstrated that exposure of adult female Sprague-Dawley rats to a single dose
of 10 llg/kg 2,3,7,8-TCDD resulted in a decrease in the number of ova ovulated per
female, a decrease in the number of females ovulating and an increase in time spent in
oestrous concomitant with a decrease in pro-oestrous and dioestrous. These effects were
dose-dependent (Li et aL., 1995c), but were statistically significant only at doses that
caused a loss in body weight (~ 10 llg/kg).

Rhesus monkeys were exposed to 0, 5, or 25 ng/kg 2,3,7,8-TCDD in their diet for
four years and then held for up to an additional 10 years, when laparascopic surgery was
performed. Both the incidence and severity of endometriosis were increased in a dose-
dependent manner (Rier et al., 1993). These findings have been supported by results
from surgically induced endometriosis in both rats and mIce (Cummngs et al., 1996). ln
both species, treatment with 2,3,7,8-TCDD (1.3 or 10 llg/kg bw given five times over a
16-week period) led to an increase in the size of endometrotic cysts in a dose-dependent
fashion. 1,3,6,8-TCDD (2 or 20 mg/kg bw) did not enhance the growth of the endo-
metriotic cysts (Johnson et al., 1996). The highest dose of 2,3,7,8-TCDD (five times
10 llg/kg) was associated with ovaran atrophy and a decrease in the endometriotic
response.. This is not unexpected, since promotion of endometriosis requires oestrogen
(Cummngs & Metcalf, 1995). Studies with rhesus monkeys demonstrated that high
levels of exposure to 2,3,7,8-TCDD result in a reduction in serum 17ß-oestradiol levels
(Barsotti et al., 1979). Ths could be due to increased metabolism of oestrogen due to
induction of hepatic mIcrosomal enzymes.

Thus, while oestrogen is required for PCDD-induced promotion of endometriosis, the
decrease in circulating oestradiol levels suggests an antioestrogenic effect of 2,3,7,8-
TCDD. However, no effects on circulating oestradiol levels were seen in pregnant rats
treated with 2,3,7,8-TCDD (Shiverick& Muther, 1983) or in mice (DeVito et al., 1992).
Another possibility is a diect effect on gonadal tissue, as suggested more recently by Li
et aL. (1995b,c). A thid possibility is an alteration in target tissue responsiveness.
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4.5 Genetic and related effects (see also Appendix 3 and Table 64 for references)

Genetic effects of 2,3,7,8-TCDD have been reviewed (Kociba, 1984; Shu et aL.,
1987). Indirect genetic effects are discussed in Section 4.6.

4.5.1 Humans

ln 19 women (age unspecified) exposed to 2,3,7,8-TCDD after the Seveso accident
and 16 control women aged 17-37 years, abortions were induced between weeks 8 and
16 of gestation in the exposed group and between weeks 8 and 13 in the control group.
Cytogenetic studies were cared out on maternaI peripheral lymphocytes, placental and
umbilcal cord tissues and fetal tissues. Significant increases (16.8% versus 5.5% and
1.51 % versus 0.96%, respectively) in the frequencies of aberrant cens and in the average
number of aberrations per damaged cell were found only in the fetal tissues in the group
of exposed pregnancies (Tenchini et al., 1983). (The Working Group noted the absence
of differences in other tissues and of data on 2,3,7,8-TCDD concentrations in the fetuses;
there was no indication of the zone in which the parents lived.)

ln 27 male subjects aged 54-88 years (average age, 65.3 years) who were potentially
exposed to 2,3,7,8-TCDD after the BASF accident in 1953 (see Section 1.3.1(a)(i)) and
with a current blood concentration of 2,3,7,8-TCDD on a lipid basis exceeding 40 ng/kg,
and 28 controls aged 53-93 years (average age, 65.1 years) without known exposure to
2,3,7,8-TCDD and with blood concentrations of less than 10 ng/kg, no statistically
significant difference was found in the frequencies of chromosomal aberrations or sister
chromatid exchange in peripheral lymphocytes in 1991 (Zober et aL., 1993).

4.5.2 Experimental systems

2,7-DCDD did not induce mutations in Salmonella typhimurium in either the presence
or absence of an exogenous metabolic system in the only reported study. 2,7-DCDD did
not transform C3H 10Tl/2 cells or initiate transformation in these cens subsequently
treated with 12-0-tetradecanoylphorbol 13-acetate (TPA). Continuous exposure to 2,7-
DCDD did not promote cell transformation when the same cells were initiated by treat-
ment with N-methyl-N' -nitro-N-nitrosoguanidine (MNNG).

2,3,7,8-TCDD did not induce mutations in S. typhimurium in either the presence or
absence of an exogenous metabolic system.

2,3,7,8-TCDD produced conflicting results in tests for mutation in mouse lymphoma
cens.

Single treatments with 2,3,7,8-TCDD did not induce transformation of C3H 10Tl/2
,

cells or initiate the process of transformation in cultures subsequently exposed to TP A,
whereas continuous treatment with low concentrations enhanced transformation of the
same cells pretreated with MNG. Neoplastic transformation was also observed in
human epidermal keratìnocytes Imortized by adenovirus 12-simian virs 40 (AdI2-

SV 40) but not in primar human epithelial keratinocytes.

Inhbition of gap-junctional intercellular communication was observed in mouse
hepatoma cells and rat hepatocytes in primar culture, but not in Chiese hamster cens or



Table 64. Genetic and related effects of PCDDs

Test system Resulta Doseb Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system 'i0

2,7 - Dichlorodibenzo-para-dioxin t"
~

SAO, Salmonella typhimurium TAI00, reverse mutation 128 Mortelmans et al. n- - ::
(1984) t"0SA5, Salmonella typhimurium TA1535, reverse mutation - - 128 Mortelmans et al.

ZS
(1984) Z

SA7, Salmonella typhimurium TA1537, reverse mutation - - 128 Mortelmans et al. ~~
(1984) tr

USA9, Salmonella typhimurium TA98, reverse mutation - - 128 Mortelmans et al.
U

(1984) -t.TCM, Cell transformation, C3H 10T1I2 mouse cells f, NT 5 Abernethy & Boreiko tr
(1987)

Z
N

2,3,7,8-TCDD 0
~

SAO, Salmonella typhimurium T A100, reverse mutation NT 10 Geiger & Neal (1981)
\:-
~SAO, Salmonella typhimurium TAI00, reverse mutation - - 385 Mortelmans et al. 1

U
(1984) -0

SA5, Salmonella typhimurium TA1535, reverse mutation NT - 10 Geiger & Neal (1981) ~
SA5, Salmonella typhimurium TA1535, reverse mutation - - 385 Mortelmans et al. Z

(1984)
v.

SA7, Salmonella typhimurium TA1537, reverse mutation - - 385 Mortelmans et al.

(1984)
SA7, Salmonella typhimurium TA1537, reverse mutation - - 10 Geiger & Neal (1981)
SA8, Salmonella typhimurium TA1538, reverse mutation 0 - 10 Geiger & Neal (1981)
SA9, Salmonella typhimurium TA98, reverse mutation 0 - 10 Geiger & Neal (1981)
SA9, Salmonella typhimurium TA98, reverse mutation - - 385 Mortelmans et al.

(1984) w
N
Vl
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Test system Resulta Doseb Reference
(LED/HID )

Without With
exogenous exogenous
metabolic metabolic
system system

2,3,7,8-TCDD (contd) -
G5 l, Gene mutation, mouse lymphoma L5178Y cells, methotrexate or + 0.1 Rogers et aL. (1982) ;p

thymidine selection :;n
G51, Gene mutation, mouse lymphoma L5178Y cells, thioguanine selection (+) 0.5 Rogers et aL. (1982) ~
G51, Gene mutation, mouse lymphoma L5178Y cells, ouabain or AraC - 0.5 Rogers et aL. (1982) 0

selection Z0
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus - - 1 McGregor et al. a

(1991) ~
TCM, Cell transformation, C3H lOTl/2 mou se cells - NT 1.6 Abemethy et al. '\

::
(1985) CI

UIH, Unscheduled DNA synthesis, human mammar epithelial cells in vitro - NT 0.003 Eldridge et al. (1992) ..0
SHL, Sister chromatid exchange, human lymphocytes in vitro + NT 0.0004 Nagayama et al. t"

(1995a)
C
~

MIH, Micronucleus test, human lymphocytes in vitro + NT 0.0004 Nagayama et al. m
(1993) 0\\0

TIR, Cell transformation, immortalized human keratinocytes in vitro + NT 0.00004 Yang et al. (1992)
TIH, Cell transformation, primar human keratinocytes in vitro - NT 0.001 Yang et aL. (1992)
HMA, Host-mediated assay, peritoneal macrophages in mouse +

c 0.0004 x 1 ip Massa et al. (1992)
DV A, DNA strand breaks, rat liver in vivo + 0.025 x 1 po Wahba et al. (1989)
DV A, DNA strand breaks, rat peritoneal lavage cells in vivo + 0.025 x 1 po Alsharf et al. (1994b)
MST, Mouse spot test

d
0.003 x 1 ip Fahg (1993)-

SV A, Sister chromatid exchange, rat lymphocytes in vivo e
0.03 x 1 po Lundgren et al. (1986)-

SV A, Sister chromatid exchange, C57BL/6J and DBA/2J mouse bone marow - 0.15 x 1 ip Meyne et aL. (1985)
in vivo

MVM, Micronucleus test, C57BL/6J and DBN2J mouse bone marow in vivo - 0.15xlip Meyne et al. (1985)



Table 64 (contd)

Test system Resulta Doseb Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system 'i0

2,3,7,8-TCDD (contd) ~~
CBA, Chromosomal aberrations, C57BL/6J and DBA/2J mouse bone marow - 0.15xlip Meyne et aL. (1985) n

in vivo p
SLH, Sister chromatid exchange, human lymphocytes in vivo NG Zober et al. (1993) 0-

~CLH, Chromosomal aberrations, human lymphocytes in vivo - (Seveso) Tenchini et al. (1983)
CLH, Chromosomal aberrations, human lymphocytes in vivo - NO Zober et al. (1993) ;:~
CLH, Chromosomal aberrations, hum an lymphocytes in vivo - (Seveso) Reggiani (1980) m
CVH, Chromosomal aberrations, human placental and umbilical cord tissues (Seveso) Tenchini et al. (1983) v-

vin vivo ,.t:
CVH, Chromosoma1 aberrations, hum an fetal tissues in vivo ? (Seveso) Tenchini et al. (1983) m
BVD, Binding (covalent) to DNA, mouse liver in vivo - 0.1 x 1 ip Turteltaub et al. Z

N
(1990) 0

ICR, Inhibition of intercellular communication, Chine se hamster V79 cells - NT 0.003 Lincoln et al. (1987) .,
\:

in vitro 25
1

ICR, Inhibition of intercellular communication, C3H 10Tl/2 mouse - NT 0.00003 Boreiko et al. (1989) v,.
fibroblasts in vitro 0

ICR, Inhibition of intercellular communication, mouse hepatoma cells NT 0.00003 De Haan et al. (1994) ~+ ,.
Z(Hepa1c1c7) in vitro CI

ICR, Inhibition of intercellular communication, rat hepatocytes in vitro + NT 0.000000003 Baker et al. (1995)
1CR, Inhibition of intercellular communication CH)-uridine ex change ), - NT 0.01 Boreiko et aL. (1989)

C3H lOTl/2 mouse cells

Octachlorodibenzo-para-dioxin
SAO, Salmonella typhimurium TAlOO, reverse mutation - - 385 Zeiger et al. (1988)
SA5, Salmonella typhimurium TA1535, reverse mutation - - 385 Zeiger et al. (1988)
SA9, Salmonella typhimurium TA98, reverse mutation - - 385 Zeiger et al. (1988) VJ

N..



Table 64 (contd)

Test system Resulta Doseb Reference
(LED/HID)

Without With
exogenous exogenous
metabolIc metabolic
system system

385 Zeiger et al. (1988)

+ NT 0.0004 Nagayama et al.

(1994)
d

0.128 xl ip Fahg (1993)-
NO Lundgren et al. (1988)
NO Lundgren et al. (1988)
NO Oallagher et al. (1994)

Octachlorodibenzo-para-dioxin (contd)
SAS, Salmonella typhimurium TA97, reverse mutation

Mixtures of PCDDs, PCDFs and PCBs
SHL, Sister chromatid exchange, human lymphocytes invitro

MST, Mouse spot test
SLH, Sisterchromatid exchange, human lymphocytes in vivo
CLH, Chromosomal aberrations, human lymphocytes in vivo
BHD, Binding (covalent) to DNA, human placenta in vivo

1,2,3,6,7,8- Hexachlorodibenzo-para-dioxin
TCM, Cell transformation, C3H lOT1/2 mouse cells NT 0.39 Abernethy & Boreiko

(1987)
1,2,3,7,8,9- Hexachlorodibenzo-para-dioxin
TCM, Cell transformation, C3H lOTll2 mouse cells NT 0.39 Abernethy & Boreiko

(1987)

a +, positive; (+), weak positive; -, negative; NT, not tested; ?, inconclusive
bLED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, l.g/mL; in-vivo tests, mglkg bw/day; NO, not given
C Administred with l2-0-tetradecanoyl phorbol-13-acetate

d Co-treatment with ethylnitrosourea enhanced END activity two-fold
e a-Naphthoflavone-induced sister chromatid exchange was enhanced in lymphocyte cultures from TCDD-treated rats compared to controls
f Initiated with N-methyl-N' -nitro-N-nitrosoguanidine

g Subsequently exposed to 12-0-tetradecanoyl phorbol-13-acetate

w
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murine fibroblasts, as measured by a metabolic cooperation assay or dye transfer. These
results are discussed in Section 4.6.

Unscheduled DNA synthesis was not induced in normal human mammary epithelial
cells. Increased formation of sister chromatid exchange and micronuclei was found in
human lymphocytes in vitro in the presence or absence of a-naphthoflavone.

ln a host-mediated assay, 2,3,7,8-TCDD elicited a dose-dependent response in cell-
transformng potential on peritoneal macrophages which was seven times that of the
2,3,7,8-tetrabromo analogue.

ln studies in vivo, positive results were reported for DNA single-strand breaks in rat
liver and rat peritoneal lavage cells and for sister chromatid exchange frequency in rat
lymphocytes in the presence but not in the absence of a-naphthoflavone. Use of a highly
sensitive accelerator mass spectrometry approach did not reveal adduct formation
following very low-level exposure in mouse liver.

Mutagenic and recombinogenic effects were observed only in combination with N-
ethyl-N-nitrosourea in the spot test with mice.

A method capable of detecting one DNA adduct in 1011 nucleotides did not show
binding of 2,3,7,8- TCDD to DNA in liver of mIce dosed in vivo.

Changes in DNA 1 (indigenous)-compound formation were studied in Sprague-
Dawley rats treated orally by gastric instilation with 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD or
1,2,4,7,8-PeCDD (1 and 5 Ilg/kg bw in corn oil per week for four weeks). There were
significant reductions in female, but not male rat hepatic I-compound formation after
treatment with the two compounds substituted in all four lateral positions, whereas
1,2,4,7,8-PeCDD was inactive in this respect. No I-compound changes were observed in
renal DNA following treatment with any of the compounds (Randerath et al., 1988,
1990) .

1,2,3,6,7,8- and 1,2,3,7,8,9-HxCDD did not transform C3H 10Tl/2 cells or initiate
transformation in the same cells subsequently treated with TP A. Continuous exposure to
either of these two hexachlorinated congeners promoted cell transformation when the
same cells were initiated by treatment with MNNG.

OCDD was not mutagenic in S. typhimurium (Zeiger et al., 1988).

Mutations in tumours

DNA was extracted and analysed for activating mutations in H-ras codon 61 arsing
in hepatocellular adenomas and carcinomas of male and female B6C3Fl and C57BL/6
mIce treated with a single intraperitoneal dose of vinyl carbamate (0.005 IlM/g bw in
saline) or vehicle and then gastric instillation doses of 2,3,7,8- TCDD (2.5 Ilg/kg bw in
corn oil) every two weeks for 52 weeks. Another group received only the vinyl
carbamate treatment. Of 45 tumours from B6C3Fl mice treated with 2,3,7,8-TCDD
alone, only 23 (51%) had H-ras codon 61 mutations apd 70% of these were C-7A
transitions in the first base. The pattern was similar to that found in spontaneous tumours
of thIs strain and contrasted with the combined vinyl carbamate plus 2,3,7,8- TCDD and
the vinyl carbamate alone-treated groups. ln these two groups, respectively, there were
A-7T transitions in the second base in 39/53 (74%) and 17/27 (63%) of the tumours
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containing activating mutations. Similar results were obtained for the C57BL/6 mouse
strain. Thus, 2,3,7,8-TCDD treatment did not change the mutational spectrum arsing
within H-ras codon 61 of tumours arsing either without treatment or as a result of
treatment with vinyl carbamate (Watson et al., 1995).

Mixture of PCDDs and/or PCDFs
Mixtures of PCD Ds did not enhance mutagenic or recombinogenic effects, but in

combination with N-ethyl-N-nitrosourea, positive effects were obtained in the spot test
with mice.

Mixtures of PCDDs, PCDFs and coplanar PCBs increased the frequency of sister
chromatid exchange formation in human lymphocytes in vitro in the presence or absence
of a-naphthoflavone.

4.6 Mechanisms of carcinogenicity

4.6.1 Introduction

ln lifetime bioassays for cancer in rodents, 2,3,7,8- TCDD is a multisite carcinogen in
both sexes of all species tested and causes tumours at sites distant from the point of
administration (see Section 3).

2,3,7,8-TCDD is the most toxic of the PCDD and PCDF congeners.PCDDs and
PCDFs exhibit a similar rank order of potency across species and within different cell
types for numerous biochemical and biological responses. This is consistent with a
similar mechanism of action via the Ah receptor. Binding to the Ah receptor is necessar
but not sufficient for the expression of toxicity for this entire class of chemIcals. For this
reason, 2,3,7,8-TCDD and all PCDDs/PCDFs will be considered together regarding
potential mechanisms of carcinogenicity (Poland & Knutson, 1982; Goldstein & Safe,
1989).

It is likely that the dose of 2,3,7,8-TCDD determnes the mechanism of toxicity and
carcinogenicity. At high doses, many acute effects are seen that have not been demons-
trated in chronic dosing studies utilizing lower doses more relevant to human envIron-
mental exposures. Acute and chronic dosing regimens that yield equivalent body burdens
may also produce different pathologies by different mechanisms. For these reasons, only
effects seen at doses well below the lethal dose will be considered here in relation to the
mechanism of carcinogenesis of 2,3,7,8-TCDD (see Sections 4.3,4.4 and 4.5).

4.6.2 General issues regarding mechanisms of carcinogenesis

(a) Carcinogenesis is a multistep process

Fundamentally there are three ways in which a compound such as a PCDD can
influence the process of carcinogenesis (Barett, 1993):

(i) it may induce a heritable mutation (initiation);

(ii) it may induce a heritable epigenetic change in a critical gene(s);
(iii) it may increase the clonaI expansion of a cell possessing a heritable alteration in

a critical gene(s).
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(b) Genotoxicity

2,3,7,8-TCDD is considered a 'non-genotoxic' substance (see Section 4.5).

(c) Ah receptor

It has been proposed that the broad spectrum of biological responses associated with
exposure to 2,3,7,8-TCDD is due to alteration in expression of 2,3,7,8-TCDD-regulated
genes mediated by the Ah receptor (Section 4.3). However, even with the same receptor
and the same ligand, there are both qualitative and quantitative differences between
species. Even though Ah receptor activation is likely to be required for the carcino-
genicity of2,3,7,8-TCDD, its precise role in this process remains unc1ear.

ln analogy to the mouse, two forms of Ah receptor exhibiting about a 4-5-fold diffe-
rence in binding affinity for 2,3,7,8-TCDD (Kd, '" 0.4 nM and", 2 nM, respectively) have
been described in humans (Erna et aL., 1994).

(d) Effects of2,3,7,8-TCDD on gene expression

Induction of expression of genes drven by the XRE element (recognized by the Ah
receptor), e.g., CYPIAI and CYPIA2, represents a useful marker for 2,3,7,8-TCDD
effects. The broad spectrum of effects of 2,3,7,8-TCDD on hormone and growth factor
systems, cytokines and other signal transduction pathways indicates that this substance is
a powerfl growth dysregulator (see Sections 4.3 and 4.1).

(e) Oxidative damage

ln a series of studies by Stohs and colleagues, single treatment of rats or mIce with
high doses (2 50 ¡.g/kg) resulted in increased superoxide anion production by peritoneal
lavage cells, lipid peroxidation and DNA single-strand breaks (Stohs et aL., 1990;
Alsharif et al., 1994b). The relevance of these high dose studies to the carcinogenicity of
2,3,7,8- TCDD is questionable.

ln-vitro studies showed that the promotion of transformation of C3H mouse fibro-
blasts by low non-cytotoxic concentrations of 2,3,7,8-TCDD (1.5 pM) was inhibit~d by
the antioxidants mannitol and vitamIns C and A (Wölfle & Marquardt, 1996). Prüthè?tion
of cellular transformation is a well documented effect of 2,3,7,8-TCDD, as discu8$ed

..below, and this study provides evidence for an oxidative-stress mechanism for this effeèt..,
Another study showed an Ah receptor-dependent formation of 8-hydroxydeoxyguanne
(8-0H-dG) adducts in DNA following treatment of the mouse Hepalclc7 cell line with
500 pM 2,3,7,8-TCDD for 48 h (Park et aL., 1996).

Production of oxidative damage by 2,3,7,8-TCDD is consistent across several
different experimental systems, both in vivo and in vitro. The requirement in rats for
ovaran hormones in the mechansm of tumour promotion by 2,3,7,8-TCDD (Lucier
et al., 1991) is associated with a 2-3-fold higher level of 8-0H-dG DNA adduct forma-
tion in intact compared with ovarectomized rats (Tritscher et al., 1996). It has been
suggested that this increase in 8-0H-dG DNA adducts cIs a result of a production of
genotoxic metabolites via redox cycling of catechol oestrogens, although there may be
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alternative sources of reactive oxygen species. The role of these adducts in carcino-
genicity has yet to be established.

if Cel! transformation

ln the mouse C3H 10Tl/2 embryonic fibroblast cell transformation system (which
contains a functional Ah receptor (Okey et al., 1983)), significant increases in foci
formation in cells pre-initiated with MNNG were observed following exposure to non-
cytotoxic doses of 2,3,7,8-TCDD (4-4000 pM 2,3,7,8-TCDD) in a dose-dependent
pattern (Abernethy et al., 1985). 2,3,7,8-TCDD also gave positive results in an in-vitro
transformation assay using rat tracheal epithelial cells only after prior initiation of the
cells with MNNG and at concentrations of at least 300 pM continuously for seven days
(Tanaka et al., 1989). These data support the observations that 2,3,7,8-TCDD acts as a
tumour promoter in vivo.

Virally immortalized human foreskin epidermal keratinocytes treated with 100 pM
2,3,7,8- TCDD were transformed, as shown by colony formation in soft agar, foci
formation, an increased maximal cell density and a 100% incidence of squamous-cell
carcinomas in nude mice when injected with 1 x 107 cells compared with an incidence of
zero with cells exposed to 0.1 % dimethyl sulfoxide (Yang et al., 1992). Maximal
induction of neoplastic transformation occurred at 1 nM, whereas induction of arl
hydrocarbon hydroxylase activity was maximal at 30 nM. Neoplastic transformation of
human cells occurs at a concentration similar to that needed for rodent cell trans-
formation.

(g) Cel! proliferation and tumour promotion

Since 2,3,7,8-TCDD is not directly genotoxic, it either could be acting to'promote'
the development of tumours from previously initiated cells and/or may be causing
mutations via an indirect mechanism.

ln a rat tumour initiation-promotion protocol experiment, hepatic cell proliferation as
measured by BrdU incorporation (labellng index) was decreased at a dose of 3.5 ng/kg
2,3,7,8-TCDD per day and increased an average of thee-fold at 125 ng/kg 2,3,7,8-
TCDD per day, after 30 weeks of 2,3,7,8-TCDD treatment (Maronpot et aL., 1993).
Significant interindividual varation was observed in labellng index, with approximately
half of the animaIs exhibiting significantly higher labellng indices than similarly treated
animaIs. Preneoplastic GSTP-positive foci were elevated only at 125 ng/kg per day. Cell
proliferation was significantly stronger in initiated than in non-initiated rats. ln another
study by Stinchcombe et aL. (1995), 2,3,7,8-TCDD only marginally affected DNA
synthesis in GSTP-positive liver foci after treatment with a dose 100 ng/kg 2,3,7,8-
TCDD per day for 115 days. However, in this study, apoptosis in foci was markedly
reduced.

(h) Suppression ofimmune surveilance

Effects on the immune system can have significant effects on the disease process and
the manifestation of toxicity in other organ systems. This is paricularly relevant to
cancer, where a primar effect of 2,3,7,8-TCDD on immune function could secondarly
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aid in the progression and development of malignancy by allowing genetically altered
cells to escape immune surveilance. There is a wealth of information concernng
immune suppression in laboratory animaIs, but results on immune function in human
studies are inconsistent (see Sections 4.2.1 and 4.2.2(b)).

4.6.3 Tissue-specife mechanisms of carcinogenicity of 2,3,7,8- TCDD

(a) Liver

(i) Sex dijerences in carcinogenicity in the liver

Female rats appear to be more sensitive than male rats to the hepatocarcinogenic
effects of 2,3,7,8-TCDD. This sex difference has not been observed in mice. Further-
more, sex differences in carcinogenic responsiveness were not observed in either rats or
mice given a mixture of 1,2,3,6,7,8-HxCDD and 1,2,3,7,8,9-HxCDD (see Section 3).

(ii) Possible role of ovarian hormones in tumorigenesis

Sex -dependent cell proliferation and altered hepatic foci formation were observed in
the livers of intact but not ovarectomized rats in a 2,3,7,8-TCDD tumour promotion
study, an effect which was not attributable to differences in liver concentrations. This
suggests a possible role of ovaran hormones, presumably oestrogens. On the basis of
these results, an indirect genotoxic mechanism of tumour promotion by TCDD was
suggested. This involves induction of cytochromes P450 which metabolize 17ß-oestra-
diol to catechols (Lucier et al., 1991). These catechols (e.g., 2-hydroxyoestradiol and
4-hydroxyoestradiol) can be converted to semiquinone intermediates, possibly formng
reactive singlet oxygen species (Liehr & Roy, 1990), subsequently leading to an increase
in oxidative stress or DNA damage (Liehr, 1990; Yager & Liehr, 1996).

Another hypothesis for the role of ovaran hormones in the mechanism of liver
tumour development is an alteration in the signal transduction pathway for oestrogens.
Hepatic oestrogen receptor complex level and binding capacity are down-regulated in
rats after in-vivo exposure to 2,3,7,8-TCDD (Romkes et al., 1987; Romkes & Safe, 1988;
Hars et al., 1990; Clark et aL., 1991a; Zacharewski et aL., 1991, 1992, 1994).

(iii) Effects on epidermal growth factor receptor
2,3,7,8-TCDD decreases the amount of detectable plasma membrane EGF receptor in

liver in vivo and keratinocytes in vitro (Madhukar et al., 1984; Hudson et al., 1985;
Astroff et al., 1990; Choi et aL., 1991; Lin et al., 1991a; Sewall et al., 1993, 1995). ln one
study, however, changes in cell proliferation occurred in populations of hepatocytes
different from those in which there was induction of CYPIAlICYPIA2 (Fox et al.,
1993), while down-regulation of the EGF receptor occurs throughout the liver (Sewall
et al., 1993).

ln a tumour initiation-promotion protocol, there was no effect of 2,3,7,8- TCDD on
the EGF receptor in ovarectomized rats paralleling the tumour incidence data, even
though CYPIAI and CYllA2 induction profiles were similar. The maxmal decrease in
EGF receptor binding was three-fold at a dose of 125 ng/kg per day and an EDso of
10 ng/kg per day (1.5 Ilg 2,3,7,8-TCDD/kg liver fat). EGF receptor effects occur at lower
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doses than induction of cell proliferation or foci, consistent with this effect being a
contributing factor in the hepatocarcinogenic action of TCDD. Decreased EGF receptor
binding may be indicative of increased EGF expression and thus a mechanistically
plausible predictor of increased cell proliferation (Clark et aL., 1991a; Lucier et aL., 1991;

Sewall et aL., 1993).

(iv) Cellular localization

Induction of CYPIAI and CYPIA2 protein following chronic eXPOSUre to 2,3,7,8-
TCDD exhibited a dose-dependent increase in acinar zones 2 and 3 (Tritscher et al.,
1992). ln contrast, changes in cell proliferation following 2,3,7,8- TCDD exposure do not
show an acinar-dependent pattern and in one study occurred in different populations of
hepatocytes than induction of CYPIAlICYPIA2 (Fox et al., 1993). ln addition, down-
regulation of the EGF receptor (Sewall et aL., 1993) and expression of the Ah receptor
are observed throughout the liver. This may imply that there is a differential sensitivity of
hepatocytes to 2,3,7,8-TCDD induction.

(v) Alterations in gap-junctional communication by 2,3,7,8-TCDD

Whether inhibition of gap-junctional intercellular communication (GnC) has a causal
role in the mechanism of carcinogenesis for 2,3,7,8- TCDD, or is a response that occurs
as a result of other events during tumour promotion is unkown.

Alterations in connexin (Cx) expression and alterations in GnC have been observed
following exposure to 2,3,7,8- TCDD in vitro and in vivo in rodents. Treatment of Fischer
344 rats (that had been initiated orally with 10 mg/kg NDEA) with 100 ng/kg 2,3,7,8-
TCDD per day for eight months resulted in a significant increase in altered hepatic foci.
ln these foci, there was decreased expression of Cx32, increased Cx26 expression, and a
complete absence of Cx43 expression (Neveu et al., 1994). 2,3,7,8-TCDD inhibited GJIC
in rat hepatocytes grown in primar culture in a time-, dose- and Ah receptor-dependent
manner at doses of 2,3,7,8-TCDD from 10-12 to 10-8 M, indicating that inhibition of GJIC
is a highly sensitive response to 2,3,7,8-TCDD (Baker et aL., 1995). Cx32 expression was
decreased, while Cx26 was unaffected.

Alteration of GnC has also been seen with other PCDDs and PCDFs. Inibition of
GnC by PCDD and PCDFs correlated well with their potency to induce CYllAl (as
measured by EROD activity in Hepalclc7 cells (De Haan et al., 1996). The concen-
tration required for half-maximal response (ECso) for both responses for all congeners
was :s 1 nM and the dose-response curves were parallel. These same authors previously
demonstrated that this effect was Ah receptor-dependent (De Haan et al., 1994).2,3,7,8-
TCDD had no effect on GnC in mouse V79 or C3H 10Tl/2 cells (Lincoln et aL., 1987;
Boreiko et aL., 1989).

(vi) Cytotoxicity as mechanismfor hepatic les ions

Hepatocellular toxicity has been observed in rat carcinogenicity experiments (see

Section 3) and might play a role in carcinogenesis.
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(b) Other target tissues

2,3,7,8-TCDD-induced carcinogenesis has been reported in a number of other tissues
including lung, nasal ethnoturbinates, thyroid, lymphoid tissues, skin and tongue (see
Section 3). Ah receptor expression and receptor-dependent responses have been observed
in many of these tissues (see Section 4.3) and may play a role in carcinogenesis. A study
in congenic strains of mice and using a number of isomers has indicated a role for the Ah
receptor in PCDD-induced skin papiloma (Poland et al., 1982).

ln the case of thyroid carcinogenesis, an indirect mechanism has been proposed
involving enhanced metabolism of thyroid hormones in the liver (see Section 4.3) (Hill
et aL., 1989; Kohn et aL., 1996).

4.6.4 Mechanismsfor reduced cancer incídencefollowing 2,3,7,8-TCDD exposure

Two mechanisms have been proposed to explain negative trends in cancer incidence.
Firstly, reductions in tumour incidence cou Id be due to alterations in body weight
(known since Tannenbaum, 1940) as a result of 2,3,7,8-TCDD exposure. Secondly,
2,3,7,8-TCDD disrupts the endocrine homeostasis, and may thereby reduce the incidence
of hormone-dependent cancers such as mammar and uterine cancers.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Polychlorinated dibenzo-para-dioxins (PCDDs) are formed as inadvertent by-
products, sometimes in combination with polychlorinated dibenzofurans (PCDFs),

during the production of chlorophenols and chlorophenoxy herbicides, and have been
detected as contaminants in these products. PCDDs and PCDFs also may be produced in
thermal processes such as incineration and metal-processing and in the bleaching of
paper pulp with free chlorine. The relative amounts of PCDD and PCDF congeners
produced depend on the production or incineration process and var widely.

PCDDs are ubiquitous in soi!, sediments and air. Excluding occupational or
accidental exposures, most human exposure to PCDDs occurs as a result of eating meat,
milk, eggs, fish and related products, as PCDDs are persistent in the envIronment and
accumulate in animal fat. Occupational exposures to PCDDs at higher levels have
occurred since the 1940s as a result of production and use of chlorophenols and chloro-
phenoxy herbicides. Even higher exposures have occurred sporadically in relation to
accidents in these industries.

Mean background levels of 2,3,7,8-tetrachlorodibenzo-para-dioxin (2,3,7,8-TCDD)
in human tissues today are in the range of 2-3 nglg fat. Available data suggest that these
levels have decreased by a factor of 3 to 5 since the late 1970s, when the development of
gas chromatography/mass spectrometr methodology first permtted these extremely low
levels of PCDDs in tissues and the envIronment to be measured accurately. Simlarly,
since the mid-1980s, mean tissue levels of total PCDDs and PCDFs (measured as inter-
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national toxic equivalents (1- TEQs)) in the general population have decreased by two- to
three-fold. Human exposures related to occupation or accidents have led to tissue levels
of 2,3,7,8-TCDD up to several orders of magnitude higher than background levels.

5.2 "liman carcinogenicity data

ln the evaluation of the evidence of carcinogenicity of 2,3,7,8-TCDD, more weight
has been given to studies with direct 2,3,7,8-TCDD measurements and to studies

involving heavy exposure to herbicides likely to be contaminated with 2,3,7,8-TCDD.
The effects of 2,3,7,8-TCDD and those of the products in which it was found cannot be
separated in most of the epidemiological studies; however, the focus here is on the

contaminant.

The most important studies for the evaluation of the carcinogenicity of 2,3,7,8-TCDD
are four cohort studies of herbicide producers (one each in the United States and the
Netherlands, two in Germany), and one cohort of residents in a contaminated area froID
Seveso, Italy. These studies involve the highest exposures to 2,3,7,8-TCDD among all
epidemiological studies, although the exposures at Seveso were lower and the folIow-up
shorter than those in the industrial settings. ln addition, the multi-country cohort study
from IARC is of special interest because it includes three of four high-exposure cohorts
and other industrial cohorts, many of them not reported in separate publications, as well
as sorne professional applicators. Most of the four industrial cohorts include analyses of
sub-cohorts considered to have the highest exposure and/or longest latency. These

cohorts, and their respective high-exposure sub-cohorts, are the focus of the summar
here. Additional studies of herbicide applicators, both cohort and case-control studies,
who have considerably lower exposures to 2,3,7,8- TCDD, are not considered critical for
the evaluation.

An increased risk for all cancers combined is seen in the cohort studies cited above.
The magnitude of the increase is generally low; it is higher in sub-cohorts considered to
have the heaviest 2,3,7,8- TCDD exposure within the cohorts listed above. Furthermore,
statistically significant positive dose-response trends for all cancers combined were
present in the largest and most heavily exposed German cohort. A positive trend
(p = 0.05) was also seen in the smaller German cohort where an accident occurred with
release of large amounts of 2,3,7,8- TCDD; the positive trend in this cohort was limited to
smokers. Cumulative dose in both these trend analyses was estimated by combining data
from blood 2,3,7,8-TCDD levels and knowledge of job categories, work processes and
calendar time of exposure. Increased risks for all cancers combined were also seen in the
longer-duration longer-Iatency sub-cohort of the United States study. These positive

trends with increased exposure tend to reinforce the overall positive association between
all cancers combined and exposure, makng it less likely that the increase is explained by
confounding, either by smoking or by other carcinogenic exposures in the industral
setting.

An increased risk for lung cancer is also present in the most informative cohort
studies, again especially in the more highly exposed sub-cohorts. The relative risk for
lung cancer in the combined highly exposed sub-cohorts was estimated to be 1.4 (statis-
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ticaUy significant). It is possible that lung cancer relative risks of this order could result
from confounding by smoking, but only if there were a pronounced difference in
smoking habits between the exposed population and the referent populations, a
difference which seems unlikely. It therefore seems unlikely that confounding by
smoking can explain aU the excess lung cancer risk, although it could explain par of it. It
is also possible that other occupational carcinogens, many of which would affect the
lung, are causing sorne confounding.

An excess risk for soft-tissue sarcoma, based on a small number of deaths, has been
reported. Incidence data for soft-tissue sarcoma were generaUy not available. A case-
control study nested in the IARC international cohort found a dose-response relationship
with estimated 2,3,7,8-TCDD exposure; however, strong positive trends were also found
with estimated exposure to 2,4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-trichloro-
phenoxyacetic acid (2,4,5- T). A similar increase in soft-tissue sarcoma was present in the
Seveso population, but only in the zone which overall had the lowest exposure. No such
increase is present in the German or Dutch cohort studies. Soft-tissue sarcomas are
subject to serious misclassification on death certificates; although it is unlikely that this
occurs differentiaUy in the exposed and the referent populations, reclassification of a few
cases would have important consequences on results based on small numbers.

An increased risk for non-Hodgkin lymphoma was found in most of the populations
studied in the four industrial cohort studies and in the Seveso population, although the
relative risks were mostly nonsignificant and below 2. A case-control study nested in the
IARC international cohort provided weak evidence of a dose-response relationship with
estimated 2,3,7,8-TCDD exposure. Although it is plausible that other chemicals cause
non-Hodgkin lymphoma, strong potential confounding factors are not known. The lack
of complete consistency among the studies and the weak effect detected in most of the
positive ones, however, caution against a causal interpretation of the findings.

Increased risks for several other malignant neoplasms have been sporadically reported
among workers exposed to 2,3,7,8-TCDD, and at Seveso, perhaps most notable being for
digestive system cancers and multiple myeloma. The available results are not fully
consistent, and several studies have not reported the results for each individual cancer
site.

OveraU, the strongest evidence for the carcinogenicity of 2,3,7,8-TCDD is for all
cancers combined, rather than for any specifie site. The relative risk for aU cancers
combined in the most highly exposed and longer-latency sub-cohorts is 1.4. Whle this
relative risk does not appear likely to be explained by confounding, this possibility
cannot be excluded. There are few examples of agents which cause an increase in cancers
at many sites; examples are smoking and ionizing radiation in the atomic bombing
survivors (for which, however, there are clearly elevated risks for certain specifie cancer
sites). Ths lack of precedent for a multi-site carcinogen without paricular sites predo-
minating means that the epidemiological findings must be treated with caution; on the
other hand, the lack of precedent cannot preclude the possiblity that in fact 2,3,7,8-
TCDD, at high doses, does act as a multi-site carcinogen. It should be borne in mind that
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the general population is exposed to levels far lower than those experienced by the
industrial populations.

5.3 Animal carcinogenicity data

2,3,7,8- TCD D was tested for carcinogenicity by oral administration in three expe-
riments in mice and in three experiments in rats. It was also tested by eXPOSUre of

immature mice and by intraperitoneal or subcutaneous injection in one study in hamsters,
and by skin application in mice.

ln three experiments in two strains of mice, administration of 2,3,7,8-TCDD orally by
gastric instilation increased the incidence of hepatocellular adenomas and carcinomas in
both males and females. ln one of these three experiments, 2,3,7,8-TCDD increased the
incidence of follcular-cell adenomas of the thyroid, lymphomas and subcutaneous
fibrosarcomas in female mice; a trend for an increased incidence of alveolar/bronchiolar
adenomas or carcinomas in male mice was also observed.

Oral administration of 2,3,7,8-TCDD by gastric instilation or in the diet to rats
increased the incidence of benign hepatocellular neoplasms (identified as adenomas, neo-
plastic nodules and hyperplastic nodules) in females in two strains and the incidence of
hepatocellular carcinomas in one strain. An increased incidence of follcular-cell
adenomas of the thyroid in male and female rats in the study with administration by
gastrc instilation was reported. ln the feeding study, 2,3,7,8-TCDD increased the

incidence of squamous-cell carcinomas of the tongue, hard palate, nasal turbinates and
lung in both sexes of rats. ln the feeding study, a high incidence of endocrine-related

tumours (pituitar adenomas, phaeochromocytomas and pancreatic islet-cell tumours)
was observed in control female rats. The incidence of these tumours was lower afer
treatment with 2,3,7,8-TCDD, associated with decreased body weight.

ln one experiment involving oral administration to immature mice of two strains,
2,3,7,8-TCDD increased the incidence of hepatocellular adenomas and carcinomas in
males and that of hepatocellular adenomas in females of one strain. Treatment of ima-
ture mice increased the incidence of thymic lymphomas in male and female mice of both
strains.

Application of 2,3,7,8-TCDD to the ski increased the incidence of dermal fibro-
sarcomas in female mice. Intraperitoneal or subcutaneous administration of 2,3,7,8-
TCDD to small groups of hamsters increased the incidence of squamous-cell carcinomas
of the skin.

ln several studies in mice, administration of 2,3,7,8-TCDD following administration
with known carcinogens enhanced the incidences of skin papillomas, lung adenomas,
liver adenomas and hepatoblastomas. 2,3,7,8-TCDD enhanced the incidence of focal
hepatic lesions in several strains of female rats following administration of varous
N-nitrosamies. ln one study, 2,3,7,8-TCDD enhanced the incidence of lung carcinomas

in ovarectomized compared with intact female rats following administration of N-nitro-
sodiethylamne.
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ln summar, 2,3,7,8-TCDD administered at low doses by different routes to rats and
mice causes tumours at multiple sites. It also causes tumours in hamsters.

Dibenzo-para-dioxin was tested for carcinogenicity by oral administration in one
experiment in mice and in one experiment in rats. No increased incidence of tumours at
any site was observed in mice or rats of either sex.

2,7-Dichlorodibenzo-para-dioxin (2,7-DCDD) was tested for carcinogenicity by oral
administration in one experiment in mice and in one experiment in rats. No increased
incidence of tumours was seen at any site in rats of either sex. ln male but not in female
mice, an increased incidence of hepatocellular adenomas was observed, but the impurity
of the chemical confounds an evaluation of its carcinogenicity. ln one study, 2,7-DCDD
did not enhance the incidence of skin papilomas in mice treated with N-methyl-N -nitro-
N-nitrosoguanidine.

A mixture of 1,2,3,6,7,8- and 1,2,3,7,8,9-hexachlorodibenzo-para-dioxins was tested
for carcinogenicity by oral administration in mice and in rats, and by administration to
the skin in mice. The incidence of hepatocellular adenomas was increased in male and
female mice and in female rats following oral administration. Impurities in the mixture
were unlikely to have been responsible for the observed response. No significant increase
in tumours at any site was observed following application to the skin in mice.

ln other studies, administration of either 1,2,3,7,8-pentachlorodibenzo-para-dioxin or
1,2,3,4,6,7,8-heptachlorodibenzo-para-dioxin led to an increased incidence of hepatic

focallesions in female rats following treatment with nitrosamnes.
Administration of a defined mixture of 49 PCDDs increased the incidence of hepatic

focal lesions in female rats following treatment with N-nitrosomorpholine.

5.4 Other relevant data

5.4.1 Kinetics

ln most vertebrate species, the 2,3,7,8-substituted PCDDs are the congeners which are
predominantly retained. If chlorine atoms are present on all 2,3,7,8 positions, the bio-
transformation rate of PCDDs is strongly reduced, resulting in significant bioaccu-
mulation. ln most species the lIver and adipose tissue are the major storage sites. ,'.

As Ah receptor-mediated effects are caused primarly by the parent compound, bio"
transformation to more polar metabolites should be considered to be a detoxification
process. Although kinetics infuence the biologie al and toxic effects, genetic factors seem
to play a dominant role.

5.4.2 Toxic effects

Human exposure to 2,3,7,8-TCDD or other PCDD congeners due to industral or acci-
dental exposure has been associated with chloracne and alterations in liver enzyme levels
in both children and adults. Changes in the immune system and glucose metabolism have
also been observed in adults. Infants exposed to PCDDs and PCDFs through breast milk
exhibit alterations in thyroid hormone levels and possible neurobehavioural and neuro-
logical deficits.
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The extraordinary potency of 2,3,7,8-TCDD and related 2,3,7,8-substituted PCDDs
has been demonstrated in many animal species. The lethal dose of 2,3,7,8-TCDD,
however, vares more than 5000-fold between the guinea-pig, the most sensitive, and the
hamster, the least sensitive species. ln all mammalian species tested so far, lethal doses
of 2,3,7,8-TCDD result in delayed death preceded by excessive body weight loss
('wasting').

Other signs of 2,3,7,8-TCDD intoxication include thymic atrophy, hypertrophy/-
hyperplasia of hepatic, gastrointestinal, urogenital and cutaneous epithelia, atrophy of the
gonads, subcutaneous oedema and systemic haemorrhage.

ln tissue culture, 2,3,7,8- TCDD affects growth and differentiation of keratinocytes,
hepatocytes and cells derived from other target organs. Toxicity of 2,3,7,8-TCDD
segregates with the Ah receptor, and relative toxicity of other PCDD congeners is asso-
ciated with their abilty to bind to this receptor.

PCDDs cause suppression of both cell-mediated and humoral immunity in several
species at low doses.

PCDDs have the potential to suppress resistance to bacterial, viral and parasitic
challenges in mice.

5.4.3 Effects on reproduction

Most studies on reproductive effects of PCDDs in humans concerned patemal
exposure, usually long after high exposure had occurred. Most studies have a lImIted
power to detect elevations in specifie birh defects. The studies also showed discordant
results concerning an increase in the risk of spontaneous abortions. Some studies have
shown alterations in hormone levels and sperm characteristics after PCDD exposure.

2,3,7,8-TCDD is both a developrnental and reproductive toxicant in experimental
animaIs. The developing embryo/fetus appears to display enhanced sensitivity to the
adverse effects of PCDDs. Perturbations of the reproductive system in adult animaIs
require overtly toxic doses. ln contrast, effects on the developing organism occur at doses
:; 100 times lower that those required in the mother. Sensitive targets include the deve-
loping reproductive, nervous and immune systems. Pertrbation of multiple hormonal
systems and their metabolism due to PCDD exposure may play a role in these events.

5.4.4 Genetic effects

ln human studies after in-vivo exposure, there have been no unequivocal reports of
effects of2,3,7,8-TCDD or other PCDD congeners upon the frequencies of chromosomal
aberrations.

ln animal studies in vivo and in cultured human and animal cells in vitro, 2,3,7,8-
TCDD gave conficting results with regard to several genetic endpoints, such as DNA
damage, gene mutations, sister chromatid exchange and cell transformation.

Experimental data indicate that 2,3,7,8-TCDD and probably other PCDDs and PCDFs
are not direct-acting genotoxic agents.
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5.4.5 Mechanistic considerations

The administration of 2,3,7,8-TCDD in rodent bioassays significantly increased the
incidence of benign and/or malignant tumours in various tissues (liver, lung, lymphatic
system, soft tissue, nasal turbinates, hard palate, thyroid and tongue) in both sexes. The
number of tumours per animal (multiplicity) was small. Prior exposure to a known carcI-
nogen and subsequent exposure to 2,3,7,8-TCDD enhanced (promoted) tumour incidence
and/or multiplicity and resulted in the appearance of tumours at earlier times. While
2,3,7,8-TCDD has been demonstrated to increase tumour incidence at different sites, the
pattern of tumour sites is a function of species, sex and study.

2,3,7,8-TCDD is not directly genotoxic. A number of hypotheses addressing the
mechanisms of 2,3,7,8-TCDD-mediated tumour promotion have been presented. These
hypotheses include Ah receptor-mediated alteration in expression of networks of genes
involved in cell growth and differentiation, DNA damage mediated by cytochrome P450-
catalysed metabolic activation pathways, expansion of preneoplastic cell populations via
inhibition of apoptosis, positive modulation of intra- or extracellular growth stimuli, or
suppression of immune surveilance. For thyroid tumour induction, an indirect mecha-
nism of 2,3,7,8-TCDD-induced carcinogenesis has also been proposed. ln rodents, the
induction of hepatic uridine diphosphate-glucuronosyl transferase resulted in enhanced
elImInation of thyroid hormones as glucuronides from the circulation, and subsequent
enhanced stimulation of the thyroid gland via elevated levels of circulating thyroid-
stimulating hormone.

(a) Ah receptor

The Ah receptor is a ubiquitous transcription factor found in both rodents and
humans. PCDDs bind to human and rodent Ah receptors with very similar structure-
activity relationships; 2,3,7,8-TCDD has the highest affinity of the PCDDs for bath
rodent and human receptors.

Both in humans and in mice, two forms of Ah receptor have been identified which
exhibit a 5-10-fold difference in binding affinity for 2,3,7,8-TCDD. ln humans, one form
of the Ah receptor exhibits a Kd (a measure of binding affinity) for 2,3,7,8-TCDD of
0.4 nM, whereas the other form binds 2,3,7,8- TCDD with a Kd of about 2 nM.

ln congenic mouse strains, expression of the lower or higher affinity forms of receptor
has been extensively demonstrated to result in proportional differences in sensitivity to
2,3,7,8-TCDD with regard to biochemical changes and toxic effects. Thus, congenic
mIce expressing the lower-affinity form of receptor require higher doses of 2,3,7,8-
TCDD to elicit these effects than strains expressing higher-affinity forms. A similar
difference in sensitivity to PCDDs has also been demonstrated in tumour promotion
studies in skin of congenic mouse strains. ln these studies, PCDDs show the same rank
order of potency in Ah receptor binding in vitro and tumour induction in vivo. Taken
together, these data strongly support a receptor-mediated mechanism of mouse skin. .
carcinogenesls.
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(b) Gene expression

The best studied 2,3,7,8-TCDD-dependent gene expression response is the induction
of CYP lAI and CYP IA2. ln both rodent and human cells, this response is mediated by
the Ah receptor. ln rodent and human cells, PCDDs show very similar potencies in
inducing CYP L Al and CYP 1 A2 expression in rodent and human cells. The role, if any, of
the induction of these genes in carcinogenesis by 2,3,7,8-TCDD is unclear. 2,3,7,8-
TCDD-induced gene regulatory responses and biochemical effects documented in rodent
tissues and/or cells have also been observed in human tissues or cells.

(c) Comparison of tissue concentrations in humans and animais
Four epidemiological studies of high-exposure indus tral cohorts in Germany, the

Netherlands and the United States found an increase in overall cancer mortality.
ln these cohorts, the blood lipid 2,3,7,8-TCDD levels estimated to the last time of

exposure were 2000 ng/kg (mean) (up to 32000 ng/kg) in the United States cohort, 1434
ng/kg geometric mean (range, 301-3683 ng/kg) among accident workers in the Dutch
cohort, 1008 ng/kg geometric mean in the group of workers with severe chloracne in the
BASF accident cohort in Germany and measurements up to 2252 ng/kg in the Boehrnger
cohort in Germany. These calculated blood 2,3,7,8-TCDD levels in workers at time of
exposure were in the same range as the estimated blood levels in a two-year rat carcino-
genicity study. ln rats exposed to 100 ng/kg bw 2,3,7,8-TCDD per day, hepatocellular
carcinomas and squamous-cell carcInomas of the lung were observed. Estimated blood
levels were 5000-10000 ng/kg 2,3,7,8-TCDD. ln the same study, in rats exposed to
10 ng/kg bw 2,3,7,8-TCDD per day, hepatocellular nodules and focal alveolar
hyperplasia were observed. Estimated blood levels were 1500-2000 ng/kg 2,3,7,8-
TCDD. These results indicate parallel tumorigenic responses to high exposure to 2,3,7,8-
TCDD in both humans and rats.

ln view of the results mentioned above, it should be noted that the present background
levels of 2,3,7,8-TCDD in human populations (2-3 ng/kg) are 100 to 1000 times lower
than those observed in this rat carcinogenicity study. Evaluation of the relationship
between the magnitude of the exposure in experimental systems and the magnitude of the
response (i.e., dose-response relationships) do not permt conclusions to be drawn on the
human health risks from background exposures to 2,3,7,8-TCDD.

5.5 Evaluation 1

There is limited evidence in humans for the carcinogenicity of 2,3,7 ,8-tetrachloro-
dibenzo-para-dioxin.

There is sufcient evidence in experimental animaIs for the carcinogenicity of 2,3,7,8-
tetracWorodibenzo-para-dioxin.

There is evidence suggesting lack of carcinogenicity in experimental animaIs for

dibenzo-para-dioxin.

1 For definition of the italicized terms, see Preamble, pp. 26-27.
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There is limifed evidence in experimental animaIs for the carcinogenicity of a mixture
of 1,2,3,6,7,8- and 1,2,3,7,8,9-hexachlorodibenzo-para-dioxins.

There is inadequate evidence in experimental animaIs for the carcinogenicity of 2,7-
dichlorodibenzo-para-dioxin.

There is inadequate evidence in experimental animaIs for the carcinogenicity of
1,2,3,7,8-pentachlorodibenzo-para-dioxin.

There is inadequate evidence in experimental animaIs for the carcinogenicity of
1,2,3,4,6,7,8-heptachlorodibenzo-para-dioxin.

Ove rail evaluation

2,3,7,8-Tetrachlorodibenzo-para-dioxin is carcinogenic to humans (Croup 1).

ln makng the overaIl evaluation, the W orking Group took into consideration the
following supporting evidence:

(i) 2,3,7,8-TCDD is a multi-site carcinogen in experimental anmaIs that has been
shown by severa! lines of evidence to act through a mechanism involving the Ah
receptor;

(ii) this receptor is highly conserved in an evolutionar sense and functions the same
way in humans as in experimental animaIs;

(iii) tissue concentrations are similar both in heavily exposed human populations in
which an increased overall cancer risk was observed and in rats exposed to
carcinogenic dosage regimens in bioassays.

Other polychlorinated dibenzo-para-dioxins are not classifable as to their carcino-

genicity to humans (Croup 3).
Dibenzo-para-dioxin is not classifable as to ifs carcinogenicity to humans (Croup 3).




